The Penguin j 
Dictionary of Science 


-— LOW-PRICED EDITION . 


SIXTH EDITION 


The Penguin 
Dictionary of Science 


F 2 

The English Language Book Society is 

= funded by the Overseas Development 

. Administration of the British Government. 

It makes available low-priced, unabridged 

editions of British publishers’ textbooks to 

Students in. | developing countries. Below is a 
list of some other books on science published 
under the ELBS imprint. 


_ Abercrombie, Hickman and Johnson 


^" i The Penguin Dictionary of Biology " 
i: Penguin 


Davies Vu 
Quantum Mechanics pO 


iples of Plant Biology for the Tropics 


Ferns, Conifers ‘and 
. ut i 


Po 


* 


ew Penguin Dictionary of Electronics 


enguin 


The Penguin 
Dictionary of Science 
Sixth Edition 


i 


E. B.'UVAROV 
ALAN ISAACS 


eo, 


i EJ 
1 English Language Book Society / Penguin Books 


^ 


Penguin Books Ltd 
= Harmondsworth, Middlesex 
© E. B. Uvarov and D. R. Chapman 1943 
New material for third and fourth editions 
— © Alan Isaacs 1964. 1971. 
New material for fifth edition 
(€ Alan Isaacs and E. B. Uvarov 1979 
New material for sixth edition 
(C) Alan Isaacs and E. B. Uvarov 1986 


$,C.E R T., West Bengay 
Bato.. ! d^ ELAS 


W All rights reserved. Aoc. Wo... Zq (kd... 


. First published 1943 
p eprinted 1944 

Second edition 1951 

? Reprinted 1952, 1954, 1956, 1958, 1959, 1960, 
1961, 1962 

. Third edition 1964 
Reprinted 1966, 1968, 1969 
Fourth edition 1971 

. Reprinted 1972, 1973 (twice), 1974, 1975, 
1976 (twice), 1977, 1978 (twice) 

ifth edition 1979 


printed 1982, 1983, 1984 
ixth Pu =. 


ELBS edition fi 
Reprinted 1968 . 
LBS edition of fourth edition 1971 

Reprinted 1972, 1974, 1976, 1977 
ELBS edition of fifth edition 1980 
ed 1981. 1982 i 
S edition or sx f^ dition 1986 
BN 014 711260 
Britain by 
he Chaucer Press) Ltd, 


tst published 1964 


gay, Suffolk 


Foreword to the 1986 Edition 


SINCE this dictionary was last revised in 1979, science has been 
advancing on a wide front — with a corresponding increase in its 
vocabulary. Many new words have therefore been added and 
many existing entries have been expanded and brought up to 
date. In this edition, as in previous editions, the general principle 
of selecting predominantly scientific, as opposed to technolog- 
ical, words has been maintained. Fuller and wider treatment of 
words used in computers, electronics, physics, biology, and 
botany will be found in the Penguin dictionaries covering these 
subjects. 

The network of cross-references has been kept throughout this 
edition, and cross-references in the text are indicated by the use 
of italics. Italics have not been used for the elements, however, as 
the dictionary lists all the elements (including transuranic ele- 
ments). Trade names are indicated by an asterisk. 

I am delighted to have had the assistance again in this edition 
of E. B. Uvarov, who originated the dictionary in 1943. Since 
then it has been through six editions in English and over thirty 
reprintings; it has also been translated into eight foreign lan- 
guages. This gratifying response seems to indicate that the book 
is serving a useful purpose. In this revision many of the chemical 
entries, which are now in the terminology recommended by the 
Association for Science Education (based on the nomenclature 
rules of the International Union of Pure and Applied Chemis- 
try), were written by my colleague Dr John Daintith, to whom I 
am very grateful. 
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Abbreviations used in the Text 


Atomic number 
Astronomy: as used in astronomy LI 
Biochemistry; as used in biochemistry (or biology) 
Boiling point 
Chemistry; as used in chemistry 
Concentrated 
eezing point 
E (e ) thematics; as used in mathematics 

m.p. E point 

(phot.) Used in Photography 

(phys.) Physics; as used in physics 

ram, Relative atomic mass 

rd Relative density 


Abbreviations for SI units are used throughout. A table of these abbreviations. 
_ Will be found on page 371. 


ab- A prefix attached to the names of practical electric units (e.g. ampere, 
volt ) to indicate the corresponding unit in the electromagnetic system (e.g. 
abampere, abvolt). See absolute units. 

Abbe condenser An optical condenser used in microscopes, consisting of two 
or three lenses having a wide aperture. Named after Ernst Abbe 
(1840— f905). 

aberration (astr. A variation in the apparent position of a star or other 
heavenly body, due to the motion of the observer with the Earth. 

aberration, chromatic The formation, by a lens, of an image with coloured 
fringes, due to the refractive index of glass being different for light of 
different colours. The light is thus dispersed (see dispersion of light) into a 
coloured band. The effect is corrected by the use of achromatic lenses. 

aberration, spherical The distortion of the image produced by a lens or mir- 
ror due to different rays from any one point of the object making different 
angles with the line joining that point to the optical centre of the lens or 
mirror (see mirrors, spherical) and coming to a focus in slightly different 
positions. 

abiogenesis The hypothetical process by which living organisms are created 
from non-living matter: spontaneous generation. 

abrasive A substance used for rubbing or grinding down surfaces; e.g. emery. 

abscissa of a point P. In analytical geometry, the portion of the x axis lying 
between the origin and a point where the line through P parallel to the y 
axis cuts the x axis. See Fig. 5 under Cartesian coordinates. 

absolute Not relative; independent. E.g. absolute zero of temperature, as dis- 
tinct from zero on an arbitrary scale such as the Celsius temperature scale. 

absolute alcohol Ethanol containing not less than 99% pure ethanol by 
weight. 

absolute configuration See optical activity. 

absolute expansivity of a liquid. The true expansivity, not relative to the 
containing vessel. The absolute expansivity is eqral to the sum of the 
relative or apparent expansivity of the liquid and the volume expansivity 
of the containing vessel. 

absolute humidity The amount of water vapour present in the atmosphere, 
defined in terms of the number of kilograms (or grams) of water in one 
cubic metre of air. See also relative humidity. 

absolute permittivity See permittivity. 

absolute temperature See thermodynamic temperature. —- 


absolute units 1. A system of electrical units based on the C.g.s. System; e.g. 
the abvolt which is 107° practical volts. 2. Any system of units using the 
least possible number of fundamental units. See SI units; coherent units. 


absolute value Modulus. The square root of the sum of the squares of the 
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acceleration a. The rate of chan 


ABSOLUTE ZERO 


real numbers in a complex number. For example, the complex number x 
+ iy has an absolute value of y(x? + y?) 

absolute zero The lowest temperature theoretically possible; the zero of ther- 
modynamic temperature. 0 K = —273.15°C. = —459.67°F. See also zero- 
point energy. 

absorbed dose See dose. 


absorptance a. The ratio of the radiant or luminous flux absorbed by a body 
to the flux falling on it. The absorptance of a black body is 1. 


absorption coefficient a. 1. The ratio of the sound energy absorbed at à 
boundary to the sound energy falling on it. 2. See linear absorption coeffi- 
cient; linear attenuation coefficient. 

absorption edge The X-ray wavelength at which a discontinuity appears in the 
intensity of an X-ray absorption spectrum. 

absorption of gases The solution of gases in liquids. It is sometimes also 
applied to the absorption of gases by solids when the gas permeates the 
whole body of the solid rather than its surface. Compare adsorption. 

absorption of radiation Radiant energy is partly reflected, partly transmitted, 
and partly absorbed by the surface upon which it falls, the absorption 
being accompanied by a rise in temperature of the absorbing body. Dull 
black surfaces absorb the greatest proportion of the incident energy, and 
brightly polished (reflecting) surfaces the least. Surfaces that are the best 
absorbers are also the best radiators. See absorptance; absorption coefficient. 

absorption spectrum A spectrum consisting of dark lines or bands obtained 
when the light from a source, itself giving a continuous spectrum, is passed 
through a gas into a spectroscope. The dark lines or bands will occur in 
some of the same positions as the coloured lines in that substance's emis- 
sion spectrum and will be characteristic of the substance. When the absorb- 
ing medium is in the solid or liquid state the spectrum of the transmitted 
light Shows broad dark regions, which are not resolvable into sharp lines. 
Characteristic X-ray and ultraviolet absorption spectra are also formed. 

absorptivity of a surface. The fraction of the radiant energy incident on the 
Surface that is absorbed. Now replaced by absorptance. 

abundance 1. The ratio of the number of atoms of a particular isotope in a 
mixture of isotopes of an element, to the total number of atoms present. 
Sometimes expressed as a percentage, e.g. the abundance of U-235 in nat- 
ural uranium is 0.71%. 2. The ratio of the mass of an element in the 
earth’s crust to the total mass of the earth's crust, usually expressed as a 
eae ee For example, the abundance of silicon in the earth’s crust 1S 

abyssal Denoting a zone of the ocean, or an organism that inhabits it, below 
about 2000 metres, where very little light penetrates. 


F ; = dv/dt = 

A rate ge of velocity (v) or speed, i.e., a = d" 

d?s/di?,-w--- - o splacement. It is measured in ms~ 2. 

Cid of free fall 8. Acceleration due to gravity. The acceleration ofa 
ody falling freely in a vacuum; it varies slightly in different localities as à 


result of variations in the distance from the c 
entre of mass of the Earth. 
Standard accepted value = 9.806 65 m s-2 (32.174 tt si 
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ACETAL 


accelerator (chem.) A substance that increases the rate of a chemical reaction 
(ie. a catalyst ), particularly in the manufacture of vulcanized rubber. 

accelerator (phys.) A machine for increasing the Kinetic energy of charged 
particles (e.g. protons, electrons, nuclei) by accelerating them in electric 
fields. In electrostatic generators (see also Van de Graaff generator and tan- 
dem generator) the acceleration is achieved directly by using a very high 
potential difference. In multiple accelerators a lower potential difference is 
used repeatedly to give the particle successive increments of energy. Multi- 
ple accelerators are classified as linear accelerators or cyclic accelerators. 


See cyclotron; synchroton; synchrocyclotron; betatron; bevatron; and storage _ 


ring. 

accelerometer An instrument for measuring acceleration, especially the accel- 
eration of an aircraft or rocket. 

acceptor An imperfection in a semiconductor that causes hole conduction. 

access time The time taken by a computer store to provide information to the 
C.P.U. The access time for high-speed stores is of the order of 
nanoseconds: for backing storage it may be from 1 millisecond to some 
minutes. 

accumulator Storage battery, secondary cell. A device for ‘storing’ electric 
charge. An electric current is passed between two plates in a liquid; this 
Causes chemical changes (due to electrolysis ) in the plates and the liquid. 
When the changes are complete, the accumulator is charged. When the 
charged plates are joined externally by a conductor of electricity, the chem- 
ical changes are reversed, a current flows through the conductor until the 
Teversal is complete, and the accumulator is discharged. In the common 
lead accumulator, the liquid is sulphuric acid of relative density 1.20 to 
1.28, the positive plate when charged is lead(IV) oxide (lead dioxide), 
PbO, and the negative plate is spongy lead. During discharge both plates 
tend to become lead(II) sulphate, PbSO4, and the density of the acid 
solution falls. Discharge should not be continued beyond the point at 
which the relative density reaches 1.15, otherwise an insoluble sulphate of 
lead, not decomposed on re-charging, may be formed. When this Occurs, 
the cell is said to be sulphated. Nickel-iron (Ni-fe*) accumulators in which 
the negative plate is iron and the positive plate is nickel oxide are also 
widely used. In these cells the liquid is a 209 solution of potassium 
hydroxide. 

The increasing interest in all-electric cars has stimulated development of 
accumulators in recent years. One of the most promising devices is the 
zinc-air accumulator, which derives its energy from the conversion of zinc 
to zinc oxide. The plates are made of zinc and oxygen is obtained from the 
air through a porous nickel electrode, the electrolyte is potassium hydrox- 
ide. The lead accumulator will provide some 8 X 104 joules per kg, whereas 
the zinc accumulator can provide 5 times this energy density. Even higher 
energy densities are obtainable from Na/S and Li/Cl accumulators but 
these require operating temperatures of 300—600* CS-a" Juel cells. 

acetal An organic compound of the general formula RCH(OR»;, where R is 
hydrogen or an organic radical, and R' is an organic radical. CH4CH 
(OC; Hs)2, 1,1-diethoxyethane, was forme;zly known as acetal. It is a liq- 
uid, b.p. 104°C., used as a solvent, in perfumes, and in organic synthesis. 
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"ACETALDEHYDE 


acetaldehyde See erhanal. 

acetaldol See aldols. 

acetamide See ethanamide. 

acetanilide Antifebrin. See phenylethanamide. 

acetate See ethanoate. 

acetate plastics Plastics made from cellulose ethanoate (acetate). See also 
rayon. 

acetic acid See ethanoic acid. 

acetic anhydride See ethanoic anhydride. 

acetic ether See ethyl ethanoate. 

acetoin 3-hydroxy-2-butanone. CH;CH(OH)COCH3. A yellow liquid, b.p. 
148°C., used in the manufacture of flavours. 

acetolysis The conversion of a group of atoms in an organic compound to an 
ethanoyl (acetyl) group by reacting the compound with glacial ethanoic 
acid. 

acetone See propanone. 

acetonitrile Ethanenitrile, methyl cyanide. CH,CN. A colourless poisonous 
liquid, b.p. 82°C., with an odour like ethoxyethane (ether). Used in organic 
synthesis and as a solvent. 

acetophenone See phenylethanone. 

acetyl See ethanoyl. ; 

acetylation The introduction of an erhanoy! (acetyl) group into an organic 
compound. 

acetylene See erhyne. 

acetylsalicylic acid See aspirin. 

achromatic lens A lens free from chromatic aberration, giving an image free 
from coloured fringes. It consists of a pair of lenses, one of crown glass, 
the other of flint glass, the latter correcting the dispersion caused by the 
former. 

acid A substance that liberates hydrogen ions in solution, reacts with a base 
to form a salt and water only, has a tendency to lose protons, and turns 
litmus red. The classical theory of acid relies on the equation: 

HX = H* -X- 
where H* is the liberated hydrogen ion. In aqueous solution the hydrogen 
ion is solvated (see solvation ) to form the oxonium ion, H30 *: 
HX + HO = HjO* + X-. , 

Many acids are corrosive and have a sour taste. See also strong acid; weak 
acid, Lewis acids and bases; Lowry— Brénsted theory. 

acid amides See amides. 

acid dyes A group of dyes, nearly all salts of organic acids; they are used 
chiefly for dyeing wool and natural silk from an acid dyebath. 

acid halide Acyl halide. An organic compound with the general formula 
RCOX, where R is 4 hydrocarbon group and X is a halogen atom. They 
are obtained from carboxylic acids by replacing the hydroxyl group with à 
halogen atom. They are used in halogenation. 

acidic Having the Properties of an acid. Compare alkaline; basic. 

acidic anhydride See anhydride. 


acidic hydrogen That portion of the hydrogen in an acid that is replaceable 
by metals to form salts. 


acidimetry Determination of the amount of acid present in a solution by 
titration. See volumetric analysis. 


acidolysis Hydrolysis by means of an acid. 


acid radical A molecule of an acid without the acidic hydrogen. E.g., the 

bivalent sulphate radical —SOs, from sulphuric acid, H3SO0,, is present in 

all sulphates. 

acid rain Rain that has become polluted by sulphuric acid and nitric acid as a 

result of absorption of sulphur dioxide (sulphur(IV) oxide) and nitrogen 

oxides in the atmosphere. The effects can include the destruction of Crops, 

trees, and fish, as well as damage to buildings. The remedy is to control 

the pollution by the oxides, especially from industrial and vehicle emis- 

sions. 

acid salt An acid in which only a part of the acid hydrogen has been 
replaced by a metal. E.g. sodium hydrogencarbonate, NaHCO. 

acid yalue of a fat or oil. A measure of the free fatty acid present; the 

number of milligrams of potassium hydroxide required to neutralize the free 

fatty acids in one gram of the substance. 

aclinic line See magnetic equator. 


acoustics 1. The study of sound. 2. The characteristics of an auditorium that 

determines its ability to enable music and speech to be heard clearly 

within it. 

acoustic spectrum The range of frequencies occurring in the sound emitted 
by a source. 

acoustoelectronics The study and use of devices in which electronic signals 
are converted by transducers into surface acoustic waves and passed 

through tiny solid strips. As acoustic signals are propagated some 105 

times more slowly than electromagnetic waves, this technique enables delay 

lines to be constructed that can be up to 50 times lighter than pure elec- 

tronic devices. 

acquired characteristic A physical characteristic of an individual that is 

acquired during its lifetime, such as the muscles of an athlete. These char- 

acteristics are not passed on to their progeny as they are not genetically 

controlled. See also Lamarkism. 

acre British unit of area. 4840 square yards. 4046.86 square metres. 

acriflavine, 3,6-diamino-10-methylacridinium chloride, C, 4H 14N3Cl. A yellow 
substance used as an antiseptic. 

acrolein See propenal. 

acrylaldehyde See propenal. 

acrylic acid See propenoic acid. 


acrylic resins A class of plastics obtained by the polymerization ^f. derivatives 
of propenoic (acrylic) acid. They are transparent, colourless, and thermo- 
plastic. Examples are Perspex* and Acrilan*. 


. acrylonitrile See propenonitrile. ^ 
ACTH Adrenocorticotrophic hormone. A polypeptide hormone secreted by the 
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ACTINIC RADIATION 


p A ; es by the 
pituitary gland that controls the secretion of corticosteroid hormones by 
adrenal glands. wee. 

actinic radiation Electromagnetic radiation that can tante sear besser in 
tions, especially radiation that can be used as a source a P RAS 
photography. It includes X-rays and infrared and ultraviolet 
well as light. À Es 

actinides Actinoids, actinons. The elements with atomic pcs da. 
(actinium) to 103; they are analogous to the /anthanides. See App 
Table 8. i 
TE alf- 
actinium Ac. Element. R.a.m. 227. At. No. 89. A radioactive sura us uf ; 
life 21.6 years, m.p. 1050°C., b.p. 3200*C. There are two rad PU 
Ac-227 (0.7% occurs in natural uranium) and Ac-228. Some al 
isotopes are known. 
actinium series See radioactive series. 


i i " metic 
actinometer Any instrument that measures the intensity of electromag) 


i raphic 
radiation, especially one that is based on fluorescence or a photograp: 
process. 


actinon Actinium emanation. A gaseous radioisotope of radon, Ba Qu 
duced by the disintegration of actinium. 1t is now known as radon- a 

activated alumina Aluminium oxide which has been dehydrated in Wm. 
that a porous structure of high surface area is obtained. Activated 8 ia ‘i 
has the power of adsorbing water vapour and certain gaseous molecules. 
is used for drying air and other gases, . een 

activated carbon Active charcoal. Carbon, especially charcoal, which has a Tt 
treated to remove hydrocarbons and to increase its powers of capir om 
is used in many industrial processes for recovering valuable materials fri 
gaseous mixtures, as a deodorant, and in gas masks. 

activation (phys.) The process of inducing radioactivity. idest 

activation analysis A sensitive analytical technique that can be used to rnb 
the presence of many elements in a sample weighing only milligra Po. 
first activating it, usually by neutron bombardment in a nuclear reactor, 


to 
and then examining the gamma-ray spectrum of the decay products 
detect characteristic emission lines. 


d. vn “4 Y ta- 
activation energy The energy that must be supplied to a system in a metas 
ble state to mak 


€ a particular process occur. It is usually applied to M 

tems on the atomic scale and the process may be an atomic reaction, su 

as fission, or an emission event. is 

active 1. Denoting an electronic component, such as a transistor, that ! 
lification. 2. See satellites, artificial. Compare passive. 

active mass (che 


m.) In the law of mass actioi 
mean the molar concentration of 


f a substance in a reacting Sr 
ntration owing to the action © 
i , etc. activity coefficient is a multiply- 
qe actor ton i i into activities; the activity coeffi- 


activity (radioactive) 4. The number of disintegrations of a radioactive mate- 
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ADMITTANCE 


tial per second. The SJ unit is the becquerel. See also specific activity and 
curie. 

actomyosin A complex of two proteins, actin and myosin, that is the major 
constituent of muscle. The contraction of muscles is due to the shortening 
of actomyosin fibrils. 

acute angle An angle of less than 90°. 

acyclic Not cyclic; having an open-chain structure. 

acyl The univalent radical RCO—, where R is an organic group; regarded as 
being derived from the corresponding carboxylic acid, RCOOH. 

acylation The introduction of an acyl group, RCO-, into a compound. 

adatom An adsorbed atom. See adsorption. 

addition compound A chemical compound formed by the addition of an atom 
or group of atoms to a molecule. E.g. phosgene, COCI,, is an addition 
compound of carbon monoxide, CO, and chlorine, Cl;. 

addition reaction A chemical reaction in which one or more of the double 
bonds in an unsaturated compound is converted to a single bond by the 
addition of other atoms or groups. 

additive process The process of forming any colour by a mixture of red, 
green, and blue lights. The colours add together to form a new colour, the 
colour obtained depending on the proportions of each additive primary 
colour. Equal proportions give white light. Compare subtractive process. 

adduct An addition compound formed by a reaction involving no valence 
changes. 

adenine 6-aminopurine. C; H3 N4NH5. A white crystalline purine base, m.p. 
360—365*C., occurring in nucleic acids, which plays a part in the formula- 
tion of the genetic code. It also occurs in adenosine triphosphate. 

adenosine A nucleoside consisting of adenine linked to a D-ribose sugar mole- 
cule. The phosphate esters are biologically important. See adenosine 
triphosphate. 

adenosine triphosphate ATP. CioHj2Ns03HgP309. A nucleotide of impor- 
tance in the transfer of energy within living cells. One of the phosphate 
groups can be readily transferred to other substances, in the presence of 
the appropriate enzymes, and with it goes a considerable amount of stored 
energy. It is as a result of the transfer of these phosphate groups that 
energy is made available in cells for chemical synthesis, muscle contrac- 
tion, etc. ATP that has lost one phosphate group becomes the diphosphate 
(ADP). Adenosine is a nucleoside consisting of adenine and D-ribofuranose. 

adhesives Substances used for sticking surfaces together; e.g. glues, cements, 
etc. 

adiabatic Taking place without hear entering or leaving the system. 

adiabatic demagnetization A method of attaining temperatures in the region 
of absolute zero by magnetizing a paramagnetic salt, such as potassium 
chrome alum or gadolinium sulphate, and allowing it to-demagnetize adia- 
batically. During magnetization, between the poles of = .:...romagnet, 
the heat produced is removed by helium; during the adiabatic demagneti- 
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ADRENALINE 


i inephrine. 3,4-dihydroxy-a-(methylaminomethyl) benzyl alcohol, 
EM hormone eed by the medulla of the adrenal slind 
and synthetically. It functions as a heart stimulant and constricts blo 

vessels. 
adrenocorticotrophic hormone See ACTH. s 
adsorbate The substance that is adsorbed on a surface. See adsorption. 


adsorbent A substance that adsorbs. Silica gel and many porous or powdered 
materials are effective adsorbents by virtue of their large specific surface in 
conjunction with their ability to form bonds with adsorbates. See adsorp- 
tion. 

adsorption The concentration of a substance on a surface; e.g. molecules of a 
gas or of a dissolved or suspended substance on the surface of a solid. In 
chemisorption a single layer of atoms or molecules of the adsorbed sub- 
stance is held to the solid surface by covalent bonds. In physisorption, 
several layers of atoms or molecules are held by Van der Waals forces. 

advanced gas-cooled reactor AGR. See gas-cooled reactor. 

advection The process in which either matter or energy is transferred from 


one place to another by a horizontal stream of gas, as in wind systems. 
aelotropic See anisotropic. 


aerial (U.S.A., antenna) That part of a radio system from which energy iS 
transmitted into, or received from, space (or the atmosphere ). 
aerobic In the presence of free oxygen. 


aerodynamics The study of the motion and control of solid bodies (e.g. air- 
craft, rockets, missil 


5 es, etc.) in air. The study of air or other gases in 
motion. 


aerogenerator Wind 
from winds. While 
modern aerogenera 


Benerator, windmill. A device to extract usable energy 
the old-fashioned windmill drove milling machinery, die 
lor drives an electrical generator. The power available 
from an aerogenerator is proportional to pd?v?, where p is the air density. 
d is the blade diameter, and v is the wind speed. 


aerolites Meteorites, especially those consisting of stony material rather than 
iron. 


aero metal A casting alloy consisting chiefly of aluminium, zinc, and copper. 

aerosol A dispersion of solid or liquid particles in a gas; e.g. smoke. 

aerospace The Earth’s atmosphere and the Space beyond. 

aetiology (U.S.A, etiology) The science or Philosophy of causation. It is used 
in medicine to mean the Science of the causes of disease. 

affinity (chem.) Chemical attraction; the energy binding atoms together. 

aflatoxins Four related toxic compounds produced by the mould Aspergillus 
flavus. They occur in Peanuts and cereals contaminated with the moul 
and can cause liver damage and cancer. 

afterburning 1. The combustion that results from the addition of fuel to the 
exhaust" _ j.5 engine in order to increase thrust and reduce fuel con- 


Sumption. 2. The irregular burning of residual propellant in a rocket motor 
when the main combustion has finished. 


after-damp A Poisonous mixture of gases, containing carbon monoxide, 
formed by the explosion of Sire-damp (methane, CH4) in coal-mines. 
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ALDEHYDES 


after-glow A glow sometimes observed high in the western sky after sunset. 
It is caused by fine dust particles in the upper atmosphere scattering the 
light from the Sun. 

after-heat Hear generated in a nuclear reactor after it has been shut down, by 
the radioactive substances formed in the fuel elements. 

agar A gelatin-like material obtained from certain seaweeds; it is chemically 
related to the carbohydrates. A solution in hot water sets to a firm jelly, 
which is used as a base for culture media for growing bacteria. 

agate A very hard natural form of silica, used for knife-edges of balances, for 
mortars for grinding hard materials, and in ornaments. 

aglycone A non-sugar component of a glycoside. 

agonic line A line of zero magnetic declination. 

AGR Advanced gas-cooled reactor. 

air See atmosphere. 

air equivalent The thickness of a layer of air at S.T-P. that causes the same 
amount of absorption of nuclear radiation as the substance being consid- 
ered. 

air thermometer See gas thermometer. 

alabaster A natural opaque form of hydrated calcium sulphate, CaSO4.2H50. 

alanine A colourless crystalline soluble amino acid. See Appendix, Table 5. 

albedo 1. The ratio of the radiant flux reflected by a surface to that falling 
on it. 2. The probability that a neutron entering a material will be reflected 
back by that material through the surface by which it entered. 

albumins Albumens. A group of soluble globular proteins occurring in many 
animal tissues and fluids; e.g. egg-white (egg albumin), milk (lactalbumin), 
and blood (serum albumin). 

albuminoids See scleroproteins. 


alchemy The predecessor of scientific chemistry. An art by which its devotees 
sought, with the aid of a mixture of mysticism, astrology, practical chemis- 
try, and quackery, to transmute base metals into gold, prolong human life, 
etc. It flourished from about A.D. 500 till the Middle Ages, when it gradu- 
ally fell into disrepute. 

alcohalates Metallic salts of alcohols, formed by replacement of hydrogen 
atoms in the hydroxy! groups of the latter by metals, e.g. sodium ethano- 
late (sodium ethoxide), C; H5 ONa. 

alcoholometry The determination of the proportion of ethanol in spirits and 
other solutions; it is usually performed by measuring the relative density of 
the liquid at a standard temperature by a specially graduated Aydrometer. 

alcohols A class of organic compounds derived from the hydrocarbons, one or 
more hydrogen atoms in molecules of the latter being replaced by hydroxyl 
groups, -OH. The names of alcohols are obtained from the hydrocarbons 
from which they are derived to which the suffix -ol is added. E.g. ethanol 
(ordinary ‘alcohol’) is C; HS OH, theoretically derived from ~+*-ye, C2H6- 
Alcohols that contain more than one hydroxyl group are called polyhydric 
alcohols. See also diols; triols. 


aldehydes A class of organic compounds of the'type R.CO.H where R is an 
alkyl or aryl radical. The names of aldehydes are obtained from the corre- 
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ALDOLS 


i i idation, with the 
i Icohols, from which they are obtained by oxi 
ROTE SES methanal (formaldehyde) is obtained from methanol and 
thanal (acetaldehyde) from ethanol. . d 
Duk Organic compounds that contain both an aldehyde and an Fu 17 
hydroxybutanal, CH; CH(OH)CH;CHO (also called acetaldol or aldo! s 
an example. A thick oily liquid, b.p. 83°C, it is used in the vulcaniza 
of rubber and in perfumes. 


aldose A monosaccharide containing an aldehyde (formyl) group in the mole- 
cule. : ^ ’ TUE 

algebra The branch of mathematics dealing with the properties of, an 
tionships between, quantities by means of general symbols. s m 

algebraic sum The total of a number of quantities of the same kind, wi 
due regard to sign. Thus the algebraic sum of 3, —5, and —2 is -4. 

algin A loose term for alginic acid or its sodium salt. a 

alginic acid (C6 HgO6)n. A complex organic compound related to the carbohy- 
drates, found in certain seaweeds. It is used for preparing emulsions and as 
a thickening agent in the food industry; its salts, the alginates, can be 


made into textile fibres, which are soluble in alkalis and are used for 
special purposes. 


algol Algorithmic language. A type of computer language, based on Boolean 
algebra, for expressing information in an algebraic notation. 

algorithm Algorism (math.). A systematic mathematical procedure that 
enables a problem to be Solved in a finite number of steps. Problems for 
which no algorithms exist require heuristic solutions. 7 

alicyclic compound A type of organic compound that is essentially aliphatic, 
although it contains a saturated ring of carbon atoms. 

alidade An instrument for Measuring vertical heights and distances. 

aliphatic compounds Organic compounds containing open chains of carbon 
atoms rather than the closed rings of carbon atoms of the aromatic com- 
Pounds. They consist of the alkanes, alkenes, and alkynes as well as all 
their derivatives and substitution products. See also alicyclic compound. 

aliquot part A divisor ofa 


K i number or quantity that will give an integer. Thus 
3 is an aliquot part of 6, but 5 is not. 


alizarin l,2-dihydroxyanthraquinone. [en 4HgO;(OH);. An orange-red crystal- 
line solid, m.p. 289°C. A colouring matter formerly extracted from the 
TOOL of the madder Plant, it is now made synthetically. Used in dyeing 
with the aid of mordants. 


lumetric analysis. 


Properties of an alkali; the Opposite of acidic. 
The bivalent grou] 


ESCOU b P of metals comprising beryllium, EU 
» Strontium; bari A : 
of the periodic table. mm, and radium, belonging to Group 
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ALLOWED BANDS 


alkaloids A group of basic organic substances of plant origin, containing at 
least one nitrogen atom in a ring structure in the molecule. Many have 
important physiological actions and are used in medicine. E.g. codeine, 
cocaine, nicotine, quinine, morphine. 

alkanes Paraffins. A homologous series of saturated hydrocarbons having the 
general formula C, H5, , ;. Their systematic names end in -ane. They are 
chemically inert, stable, and flammable. The first four members of the 
series (methane, ethane, propane, butane) are gases at ordinary tempera- 
tures; the next eleven are liquids, and form the main constituents of paraf- 
fin oil; the higher members are solids. Paraffin wax consists mainly of 
higher alkanes. 

alkanization The process of converting an unsaturated hydrocarbon into an 
alkane. 

alkenes Olefins. A homologous series of unsaturated hydrocarbons containing a 
double bond and having the general formula C,H2_- Their systematic 
names end in -ene. Ethene (ethylene), CH5:CH;, and propene (propylene), 
CH;CH:CH; are the first members. Higher members have isomers 
depending on the position of the double bond. E.g. butene, C4Hg, has 
isomers but-l-ene and but-2-ene. 

alkoxy Univalent organic radicals having the formula RO-, where R is an 
alkyl group. 

alkyd resins See glyptal resins. 

alkyl Univalent saturated hydrocarbon. radicals having the general formula 
Cy H5, 41, derived from alkanes. E.g. methyl, CH3—; ethyl, C)Hs-. 

alkylarene An arene (e.g. benzene) with one or more hydrogen atoms in the 
molecule replaced by alkyl groups; e.g. ethylbenzene, C; Hs CE H;. 

alkylation The introduction of an alkyl group into a molecule; e.g. the addi- 
tion of alkanes to alkenes. 

alkyl halide See haloalkane. 


alkynes Acetylenes. A homologous series of unsaturated hydrocarbons having 
the general formula C, Hzn -2 and containing a triple bond between two of 
the carbon atoms in the molecule. Their systematic names end in -yne, e.g. 
ethyne (acetylene) CH;=CH3. 

allo- Prefix meaning ‘other’, used in chemistry to denote a variation from the 
standard or normal form. 

allobar A mixture of the isotopes of an element that does not occur naturally, 

allochromy The emission of radiation by a surface at a wavelength that dif- 
fers from that of the incident radiation. See fluorescence. 

allomerism A similarity in the crystalline structure of substances of different 
chemical composition. 

allomorphism A variability in the crystalline structure of certain substances. 
Allomorphs are different crystalline forms of the same compound. 

allotropes Allotropic forms. See allotropy. AL. 

allotropy The existence of a chemical element in two or more forms differing 
in physical properties but giving rise to identical chemical compounds. E.g. 
sulphur exists in a number of different allotropic forms. 

allowed bands See energy bands. 


11 


ALLOXAN 


; i 170°C, 

alloxan (CO)(NH);. A white crystalline heterocyclic Ee oj we deni 

derived from uric acid by treatment with dilute nitric aoid pa ee 
certain cells in the pancreas and is used to produce diabetes A 

mental purposes. . din 

alloy A composition of two or more metals; an alloy may bea d 
the metals, a solid solution of them, a heterogeneous mixture, or any 


i i i e -metallic 
bination of these. The term is sometimes extended to include non-me 
components; e.g. iron-carbon alloys. 


alluvial Deposited by rivers. 


allyl alcohol Prop-2-en-1-ol. CH):CH.CH,OH. A colourless ponen Wages 
alcohol, b.p. 96.5*C., used in the manufacture of synthetic resins 
pharmaceuticals. ] e 

allyl group The univalent radical, CH;:CH.CH;-, derived from Ne " e 

allyl resins Synthetic resins formed by the polymerization of chemical 
pounds containing the allyl group. 


Alnico* A series of alloys based on iron and containing nickel, aluminiu 
cobalt, and copper. They are used to make permanent magnets. 


5 E l 
alpha decay A form of radioactive decay in which a nucleus spontaneously 
emits an alpha particle. 


: is to 
alpha-iron An allotropic (see allotropy ) form of Pure iron that exists up 
900°C. 


therefore positively charged. 


f certain radioactive elements. 
ee radioactivity, 


alpha radiation Streams of fast-movi 
uces intense į 


4 : aneous 
nd is the frequency (f). The NR 3 
value of àn alternati (7) is given by 7 = Iosin2zft, where P» 
the maximum SO root mean square value of an alternating 
quantity; reactance, 
alternator A machine for Producing electrical 1l 
altimeter An mstrument used to measure height above sea-level. It usua 5 
Consists of an aneroid barometer calibrated to read zero at sea-level an 
the height above sea-level j 


le passing through the body, the 
SO«-Ab(SO;) 24H;0. Crystalline aluminium potas- 
- 27-4 2(804)524H50. Crystalline alu 

Sium sulphate. The ci naturally and is used as a mordant in 
sing, for fireproofi chnical purposes. See also alums. 
alumina See aluminium oxide, 
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AMALGAMATION PROCESS 


aluminate A salt containing the aluminate ion [Al(OH,)]~. It is formed when 
aluminium hydroxide is dissolved in a solution of a strong base. 

aluminium Al. Element. R.a.m. 26.9815. At. No. 13. A light white metal, r.d. 
2.7, m.p. 659.70*C., b.p. 2467°C., ductile and malleable, and a good con- 
ductor of electricity. It occurs widely in nature in c/ays and is the third 
most abundant element in the Earth's crust (8%). It is extracted mainly 
from bauxite by electrolysis of a molten mixture of purified bauxite and 
cryolite. The metal and its alloys are used for aircraft, cooking utensils, 
electrical apparatus, and for many other purposes where its light weight is 
an advantage. 

aluminium brass Brass containing small amounts of aluminium. 

aluminium bronze An alloy of copper containing 4%—13% aluminium. 

aluminium chloride AlCl}. A white crystalline solid, which fumes in moist air 
and reacts violently with water. It is known as the anhydrous salt (m.p. 
190°C, at 2.5 atm) and the hexahydrate, AICI;.6H,O. It is used as a 
catalyst in the oil industry. 

aluminium ethanoate Aluminium acetate. A((CH;COO);. A white soluble 
amorphous powder, used as an astringent and antiseptic. Basic aluminium 
ethanoate, AIOH(CH3COO),.xH0, a white crystalline powder, is used as 
a waterproofing and fireproofing compound in the textile industry. 

aluminium hydroxide Al(OH);. A white insoluble amphoteric powder used in 
the manufacture of glass and ceramics, and as an antacid in medicine. 

aluminium oxide Alumina. AbO; A white crystalline substance, m.p. 
2015°C., used in cement, as a refractory, and in the manufacture of alu- 
minium. It occurs naturally as corundum and emery and in a hydrated 
form as bauxite. See also activated alumina. 

aluminium sulphate Al;(SO4)4. A white crystalline soluble substance, known 
as the anhydrous salt and the hydrate Al, (SO4)3.18H2O. It is used in 
purifying water, in the manufacture of paper, and in Sire extinguishers. 

aluminosilicates A large class of minerals, both natural and synthetic, con- 
taining aluminium and silicon combined with oxygen in their structure. It 
includes clays, zeolites, micas, and many other important mineral materials, 

aluminothermic reduction High-temperature reduction of metal oxides to the 
corresponding metals by the thermite method. 

alums Double salts of the general formula 

M)SO4.R3(SOq)3.24H2 0, 

where M is a univalent ion such as sodium, potassium, or ammonium, and 
R is a tervalent ion, such as aluminium or chromium. See also alum. 

alum-stone See alunite. 


alunite Alum-stone. A natural compound of potassium and aluminium sulphate 
and aluminium hydroxide, K5SO4.Ab(SO4),.4AKOH);. It is used as a 
source of alum. 


AM See amplitude modulation. 

amalgam An alloy of mercury. ‘ 

amalgamation process for gold. Gold-bearing rock or sand, after crushing, is 
treated with mercury, which forms an amalgam on the surface of the gold. 
The amalgamated particles are allowed to stick to amalgamated copper 
plates, the rest of the ore being washed away; they are then removed, the 
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mercury is distilled off in iron retorts, and the remaining gold purified by 
cupellation. 
ata An explosive mixture of 80% ammonium nitrate and 20% TENE: ^ 
amber Succinite. A fossil resin, derived from an extinct species of P. 4 
Obtained from mines in East Prussia, and found on seashores, T dt 
yellow to brown solid, which contains succinic acid, and is used for 
mental purposes and as an electrical insulator. m 
ambergris A grey or black waxy material that occurs (probably as the re: 
of disease) in the intestines of the sperm whale. It is used in perfumery. $ 
americium Am. Transuranic element. At. No. 95. Radioactive. A memba A 
the actinide series. The most stable isotope, americium-243, has a half-li 
of 8.8 X 10? years. R.d. 13.7, m.p. 995*C. Ten isotopes are known. 
amethyst A violet variety of quartz; impure crystalline silica, SiO). 
amidases Enzymes that control the hydrolysis of amides. 


amides A group of organic compounds formed by replacing the pui 
atoms of ammonia, NH3, by acyl radicals. E.g. ethanamide, CH;CONF»- 
The general formula is RCONH;, where -CONH, is the amide group. 
Amidol* 2,4-diaminophenol dihydrochloride, 
Cs H3(OH)(NHj),.2HCI; 
used in Photography as a developer. 
aminases Enzymes that catalyze the hydrolysis of amines, 


amination The introduction of an amino group into a compound. 


" k f 
amines Compounds formed by replacing one or more hydrogen atoms O' 


ammonia, NH}, by hydrocarbon radicals linked to nitrogen through e 
atoms. They are classified into primary amines of the type NH; R; seco 
ary amines, NHR;; and tertia 


" ] 10- 
Ty amines, NR3. See also quaternary amm 
nium compounds. 


amino acid A carboxy, 
acids are the units 


n nature, nearly all of which have the general 
formula: R-CH-NH;-COOH. See Appendix, Table 5. ‘Essential’ amaa 
acids are those that an organism is unable to synthesize and therefore pa 
to obtain from its environment. There are eight ‘essential’ amino acids fo 
man. 


amino group The univalent group -NH,. 
aminoplastic resins Synthetic resins derived from the reaction of urea, mela- 
mine, or allied amino compou: 


nds with aldehydes, They form the basis of 
thermosetting moulding materials, 


Set up by the current flowin; 
sure both cacdi d.c. Thi 
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AMPERE 


ammines Coordination compounds containing ammonia molecules as ligands; 
complex compounds formed by ammonia with salts or bases. 

ammonal A mixture of ammonium nitrate, NHyNO3, and aluminium. It is 
used as an explosive. 

ammonia NH;. A pungent-smelling very soluble gas, giving an alkaline solu- 
tion containing ammonium hydroxide, NH,OH. It is obtained synthetically 
from atmospheric nitrogen (see Haber process). lt is used as a refrigerant, 
and for the manufacture of resins, explosives, and fertilizers. 

ammonia clock An atomic clock based on the vibrational frequency with 
Which the nitrogen atom in the ammonia molecule passes through the 
plane of the three hydrogen atoms and back again. The vibration has a 
frequency of 23 870 hertz and a quartz crystal is used to supply ammonia 
Bas with energy at this frequency. Because the ammonia will only absorb 
energy at this frequency, the ammonia can be used to regulate the fre- 
quency of the quartz oscillator, through a feedback circuit. 

ammonium carbonate (NH4);CO,. A white soluble crystalline salt, that usu- 
ally occurs as the monohydrate (NH4); CO4.H5O. It decomposes slowly, 
yielding ammonia, carbon dioxide, and water. See also sal volatile. 

ammonium chloride Sal ammoniac. NH4CI. A white soluble crystalline salt, 
used in dry cells and Leclanché cells. 

ammonium ethanoate Ammonium acetate. CH;COONH,. A white deliques- 
cent solid, m.p. 114*C., used as a meat preservative and in the manufac- 
ture of dyes. 

ammonium hydroxide NH4OH. A compound presumed to exist in aqueous 
solutions of ammonia; the name is often applied to the solution. 

ammonium nitrate NH4NO;. A white soluble crystalline sa/t, m.p. 169.6°C., 
that decomposes on heating to form dinitrogen oxide, N20, and water. It 
is used in explosives, e.g. ammonal, amatol. 

ammonium ion NH Hn A univalent ion that in compounds behaves similarly 
to an alkali metal, giving rise to ammonium salts. 

ammonium sodium hydrogen orthophosphate Microcosmic salt. 
NH4NaHPO4.4H,0. A white crystalline soluble salt, used as a flux. 

ammonium sulphate (NH4), SO4. A white soluble crystalline sa/t, obtained as 
à by-product of coal-gas manufacture, now produced from ammonia and 
sulphuric acid and used as a fertilizer. 

ammonium thiocyanate NH4SCN. A colourless soluble crystalline substance, 
m.p. 149.6*C., used as a herbicide and'in the textile industry. 

ammonolysis A chemical reaction in which one group of an organic com- 
pound is converted to an amine group, by reacting the compound with 
ammonia. 

amorphous Non-crystalline; having no definite form or shape. 

amount of substance n. A basic physical quantity that is proportional to the 
number of specified particles of a substance. The specified particle may be 
an atom, molecule, ion, radical, electron, photon, etc., or any snecified group 
of such particles. The constant of proportionality, Avogadro's constant. 
the same for all substances. The basic S7 unit of amount of substanc 
the mole. ^ 


ampere A unit of electric current approximately equivalent to the flow of 
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AMPERE-HOUR 


ich i e-tenth of 
6 X 10!5 electrons per second. an Poitou a 
ee ab-), is equal to 1. à H 
RE enim ae aly defined as the BRvatyima bein “ 
when passed through a solution of silver nitrate, deposits "ei 2 re 
of 0.001 11800 grams per second. The ampere was redefine tuo pora] 
the intensity of a constant current that, if ken df O pr 
rectilinear conductors of infinite length, of negligible cucu ar dcs 
placed at a distance of one metre from one ROSIDUn vacuo, wi ud of 
between the conductors a force equal to 2x 107 popior p T K 
length. The ampere so defined is the basic SI Unit of current. Sy 
Named after A. M. Ampère (1775-1836) : E. 
ampere-hour The practical unit of electric charge, the charge owne per Aaa 
through a conductor when the current in it is one ampere. 3 ci Pe. 
Ampere’s law The strength of the magnetic field induced by a M of 
through a conductor is, at any point, directly Proportional to the Pl a 
the current and the length of the conductor and inversely pis Es. 
the square of the distance between the point and the conductor. The 


ioini : the 
tion of the field is perpendicular to the plane joining the point and 
conductor, 


ampere-turns A unit of magnetomotive force. The product of the number of 

turns in a coil and the current in amperes that flows through it. ‘he 

amphetamine CcHSCH;CHNH;CH,. A drug used in the form of net 
sulphate, that stimulates the central nervous system in cases of depressi 

| Also known under the trade name, Benzedrine*, 


d 
amphiboles A group of complex silicate minerals that includes hornblende an! 


asbestos. 


amphichroic Amphichromatic, 
, and another colour on react 
amphiprotic Ca 


ES ; ; acid 
Giving one colour on reaction with an 
ion with a base, 


pable both of accepting and of yielding protons in solution; 
amphoteric. 
EE An amphoteric Substance, especially one that functions as an elec- 
i trolyte, 


€ swi; 
OT sound waves, the squa. 
amount of energy 
(S amplitude modnlatio; 


ANEROID 


amyl The former name of the radical C;H,;—; n-amyl compounds are now 
called pentyl compounds and isoamyl compounds are 3-methylbutyl com- 
pounds. 

amyl acetate See pentyl ethanoate. 

amyl alcohol See pentanol. 


amylases A group of enzymes capable of splitting starch and glycogen into 
sugars. They are found in many plants and animals (e.g. the pancreatic 
juices of mammals). 

amylopectin The principal component (about 80&) of most cereal starches 
(see starch ). A polysaccharide whose molecules consist of long cross-linked 
chains of glucose units. It is insoluble in water. Compare amylose. 

amylose A water-soluble component (about 20%) of most cereal starches (see 
starch). A polysaccharide whose molecules consist of long unbranched 
chains of glucose units, structurally related to cellulose. Compare amylopec- 
tin, 

amylum See starch. 

anabolic steroid A steroid that promotes the growth of tissue, especially mus- 
cle. They include naturally occurring androgens and synthetic substances 
used medically to increase weight. The use of anabolic steroids by athletes 
to build muscles is forbidden by most athletic associations, as they cause 
liver damage. 

anabolism Part of metabolism, comprising the building-up of complex sub- 
stances from simpler material, with absorption and storage of energy. 

anaerobic In the absence of free oxygen. 

anaesthetic A substance used in medicine to produce insensibility or loss of 
feeling. 

analgesic A substance used in medicine to relieve pain. 

analog computer A computer in which numerical magnitudes are represented 
by physical quantities, such as electric current, voltage, or resistance, See 
also digital computer. 

analysis (chem.) The process of determining the composition of a substance. 
See activation, colorimetric, gravimetric, qualitative, quantitative, spectro- 
graphic, and volumetric analysis; chromatography. 

analytical geometry Coordinate geometry. A form of geometry based upon 
the use of coordinates to define positions in space. See Cartesian coordi- 
nates and polar coordinates. 

anastigmatic lens A lens designed to correct astigmatism. 

anatase Crystalline natural titanium dioxide, TiO). 

androgen A steroid, such as testosterone, or other substance that promotes 
male characteristics in vertebrates. 

anechoic Having a low degree of reverberation. 

anemo- Prefix denoting the wind. 


anemometer Instrument for measuring the speed of wind or anv other mov- 
ing gas. 

aneroid Without liquid. The aneroid barometer is an instrument for measur- 
ing atmospheric pressure; it consists of an exhausted metal box with a thin 
Corrugated metal lid. Variations in atmospheric pressure cause changes in 
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ANETHOLE 


e i is di: i ified and made to 
i t of the lid; this displacement is magni delicata 
PP RUM moving over a scale by means of a system of 
» i 22:517 
un CH3CH:CHC,H,OCH;. A white crystalline powder, m.p. 
used in perfumes, flavouring, and in medicine. 
aneurine See thiamine. 


i d in 
i i i easured 1 
angle The Space between two intersecting lines or planes. It is m: 
degrees or in radians (see circular measure J: 


i for mea- 
Ångström unit A.U., 10-!9 metre. A unit of length, formerly used 


z > U.=!1 
surement of wavelengths of light and intra-molecular distances. 10 Å 
nanometre, 


angular acceleration The rate of change of angular velocity. : EA e se 
angular displacement The angle through which a point, line, 
been rotated in a specified direction, about a specified axis. uc 
angular distance The distance between two bodies, measured in M astron® 
angle subtended by them at the point of observation; it is use 
omy. E E. 
angular frequency Pulsatance. The Srequency of a periodic ie ae per 
in radians per second; it is equal to 27 times the number of cy 
second. 


angular momentum 
For the angular 


: an 
ase with water (e.g. NaO + H0 = 2NaOH) 


] ox the 
dehydrating agents on carboxylic acids, giving U^ 

anhydride group -CO-0— ic anhydride 
(CH; COOH) on dehydration yield one molecule of ethanoic ar 
(CH3CO-0- COCH,), 

anhydrite A Naturally occurring form of calcium sulphate, CaSOs. stal- 

anhydrous Without water; it is often applied to salts without water of Cr» 
lization. : m an 

anilide An organic compound analogous to an amide but derived fro! 
aromatic amine, especially from Phenylamine (aniline). 

aniline See phenylamine, 


aniline dyes Dyes prepared or che: 
animal charcoal Bone black, bon 


% inorganic Matter, chiefly 
charring bones and other ani 
agent. 

animal starch See de in 
E z [5 

anion A negatively charged ion; an ion that is attracted towards the an 
electrolysis. 


: iline). 
mically derived from phenylamine een ad 
e char. Material containing 10% car es 
calcium phosphate, Ca3(PO4)), obta lorizing 
mal substances. [t is used as a deco 


glycogen. 
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ANOMALY 


anisaldehyde Aubepine, 4-methoxybenzenecarbaldehyde. A colourless oily liq- 
uid, the para- form of CH4 OC, H4CHO. B.p. 247°C., it is used in cosmet- 
ics and perfumes. 

anisole See methoxybenzene. 

anisometric Not isometric. Denoting crystals that have axes of different 
lengths. 

anisotropic Aelotropic. Possessing different physical properties in different 
directions; e.g. certain crystals have a different refractive index in different 
directions. 

anisyl alcohol Anisalcohol, methoxyphenylmethanol CH; OC;H4CH;OH. A 
colourless liquid, b.p. 258.8°C., used in perfumes. 

annealing Very slow regulated cooling, especially of metals, to relieve strains 
set up during heating or other treatment. 

annihilation radiation The electromagnetic radiation that results from the colli- 
sion, and subsequent annihilation, of a particle and its corresponding 
antiparticle. In the collision between an electron and a positron the annihi- 
lation radiation usually consists of two photons of y-radiation emitted in 
opposite directions. The energy of the annihilation radiation is derived 


from the mass of the annihilated particles according to the mass-energy 
equation. 


annual variation A very small regular variation that the magnetic declination 
undergoes in the course of a year. 

annular Ringed. An annular space is the space between an inner and outer 
ring. 

annular eclipse An eclipse of the Sun in which a ring of its surface is visible 
surrounding the darkened Moon. 

annulus A plane figure consisting of the area between two concentric circles 
of different radii. Its area is a(R? — r2), where R and r are the two radii. 

anode Positive electrode. See electrolysis and thermionic valve. 

anodizing Producing an oxide coating on a metallic surface by making it the 
anode in an electrolytic bath (see electrolysis ). It can be used as a decora- 
tive finish on a metal object by making the oxide coating absorb a col- 
oured dye. 


anolyte The electrolyte near the anode during electrolysis. 


ANOMALY 
PLANET 
APHELION i 
Es i e 
Wee EU LT. PERIHELION 


LINE OF APSIDES 
Figure 1. 


anomaly (astr.) An angle used to describe the position of a planet in its orbit. 
The ‘true anomaly’ is the angle between the’ perihelion, the Sun, and the 
planet, in the direction of the planet’s motion. See Fig. 
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l. The ‘mean 


ANTACID ? 


anomaly’ is the angle between the perihelion, the Sun a 2 -—— 
planet having the same period as the real planet, but assumed to 
ing with a constant velocity. n me 
antacid A pharmaceutical term for a substance, such as aluminium hy sch 
ide, magnesium hydroxide, or calcium carbonate, that counteracts stom 
acidity. 
antenna See aerial. 


anthracene C6 H,(CH); C6H4. A white crystalline tricyclic hydrocarbon es 
blue fluorescence; it is often yellowish due to impurities. M.p. 2 3 
Obtained from coal-tar, it is used in the manufacture of dyes. 

anthracite A hard form of coal, containing more carbon and far less Aydro- 
carbons than other forms. It is probably the oldest form of coal. a 

anthraquinone C&H4(CO;);C;H,4. The common isomer is anthracene-9,1 A 
dione. A yellow insoluble powder, derived from anthracene and used as à 


intermediate in the manufacture of an im 
anti- 


we 
Qi 
F 
Š 
3 
$ 
= 
E 
3 
8 
3 


: y animal plasma cells (of the reticuloendothe- 
lial system) as a Tesult of the presence of an antigen. Specific an 

stimulate the formation of Specific antibodies. The function of the aan 
" dies is to combine chemically with antigens and thereby to render t 


e isms 
harmless to the organism that they are invading. As parasitic organism 
3 and viruses produce, 


or are associated with, specific antigens, the EI 

1 quent antibody formation Provides a defence mechanism, called ie 
immune response, against these invading parasites. Once produced, pRa ity 

3 dies persist in the bloodstream and therefore confer enduring ioe 
against the infecting organisms of antigens. Immunity to disease by inoa 

4 lation is brought about by injecting antigens into the bloodstream with 
object of Stimulating the formation of antibodies. See also vaccine. 

antichlor A substance u 


sed to remove chlorine from materials after bleaching: 
E E.g. sodium thiosulphate, Naz S203. 


: 2 icall 
l antidote A remedy for a particular poison, which generally acts chemical? 

upon the poison, by neutralizing it, making it insoluble, or otherwise 
dering it harmless 


antifebrin See phenylethanamide. ic 
antiferromagnetism A type of magnetism that occurs in certain inorena 
compounds, such as MnO, MnS, and FeO. These materials have à ures 
Ly Susceptibility, which increases with temperature up to the Néel temperat tic. 

above which the Susceptibility falls and the material becomes nes Qr 
lu The phenomenon arises in Substances in which interaction betw ole 
pencoudng atoms leads to an antiparallel arrangement of magnetic dip 

loments. 


4 al- 
antifreeze A Substance added to the cooling water in radiators of inter" 
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ANTIPYRETIC 


combustion engines in order to lower the freezing point of the water. 
Ethanediol (ethylene glycol), CH; OH.CH5OH, is frequently used. 

antigen A protein or carbohydrate that is foreign to an organism and capable 
of stimulating the formation of antibodies. 

antigorite See serpentine. 

antihistamines A group of drugs that counteract the effect of histamine in the 
body and are therefore used in the treatment of allergic diseases. 

antilogarithm Antilog. The number represented by a logarithm. 

antimatter Hypothetical matter composed of antiparticles. Antihydrogen, for 
example, would consist of an antiproton and an orbital positron. While 
theoretically possible, the existence of antimatter in the Universe has never 
been detected. Contact between antimatter and matter would result in the 
annihilation of both with the production of annihilation radiation. 

antimony Sb. (Stibium.) Element. R.a.m. 121.75. At. No. 51. A brittle crystal- 
line silvery-white metal, r.d. 6.69, m.p. 630°C., b.p. 1380°C., that expands 
on solidifying. It occurs as the element, oxide, and sulphide (stibnite, 
Sb2S3). It is extracted from its ores by roasting the ore and reducing with 
carbon. Antimony is used in type metal and other alloys. 

antimony hydride See stibine. 

antimony pentasulphide Antimony(V) sulphide. Sb,S;. A yellow insoluble 
powder, used as a pigment and in the vulcanization of rubber. 

antimony potassium tartrate Tartar emetic. Potassium antimony] tartrate. 2K 
(SbO)C4H4O¢-H,O. A white soluble poisonous powder, used as an emetic 
and as a mordant. 

antimony -sulphate Sb;(SO4),. A white crystalline insoluble solid, used in 
explosives. 

antimony trisulphide Antimony(III) sulphide, stibnite. Sb)S;. A black or red 
insoluble crystalline solid, m.p. 550*C., used as a pigment and also in fire- 
works and matches. 

antinodes Points of maximum displacement in a series of standing waves. 
Two similar and equal wave motions travelling with equal velocities in 
opposite directions along a straight line give rise to antinodes and nodes 
alternately along the line. The antinodes are separated from their adjacent 
nodes by a distance corresponding to a quarter of the wavelength of the 
wave motions. 

antioxidants Agents added to certain materials, such as rubber, plastics, 
paints, and oils, to prevent the harmful effects to the materials of oxida- 
tion, 


antiparallel vectors Vectors that have parallel lines of action but act in oppo- 
site directions. 

antiparticle An elementary particle that has the same mass as another Particle 
but an equal and opposite value of some other property. The antiparticle 
of the negatively charged electron is the positively charged positron. The 
antiproton has a negative charge equal in magnitude to the proton’s posi- 
tive charge. The antineutron has an opposite magnetic moment, relative to 
its spin, to the neutron. See also antimatter. 

antipyretic Febrifuge. A substance used medically to lower the bod 
ture. 
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ANTISEPTIC 
{v 


: s isms but does 

antiseptic A substance that destroys disease-causing microorganisms 

not harm body cells or tissues. —— 3 ess nois 
antisquawk agents Substances added to lubricating oils to suppres 

the operation of automatic clutches, etc. j T—— 
apatite A natural phosphate and fluoride of calcium, ae : Pm as 

is, used in the manufacture of fertilizers. The ename D drinking wt 

largely of apatite, hence the importance of fluorides in the 

of children. j ! Pe. 
aperture Opening; in optical instruments, the size of the opening à 


i 7 i r of the 
light to the instrument. In spherical mirrors or lenses, the diamete 
reflecting or refracting surface. 


aperture synthesis The use of 
size a large aperture. This 
tors and radio interferomet 
with an unfilled aperture. 


n S PE st from 
aphelion The time, or Point, in a planet's orbit at which it is furthes' 
the Sun. The opposi 


te of perihelion. See Fig. 1 under anomaly. cose tad 
aplanatic If any reflecting or refracting surface produces a point et on 
- of a point object at A irrespective of the angle at which the € respect 
the surface from A, then that surface is said to be aplanatic wit 
i to A and B. 
apocynthion The time, or 


farthest from the Moon 


the- 
two small aerials in a radio telescope n i fiec- 
principle can be used both with parabo le ran 
ers, but it usually best employed in conj 


wes A : ich it is 
Point, in the orbit of a lunar satellite at whic! 
’s surface. The Opposite of pericynthion. 


apothecaries’ fluid measure 


1 minim = 0,059] ce (about 1 drop) 


minims = | fluid drachm = 3.55 cc 
. 8 fl dr = 1 fluid ounce = 28.4] cc 
20 fl oz = 


l pint = 568 cc 
These measures have now been r 


eplaced by metric units. 
apothecaries? weights See Troy weight. 


e of its 
id Perpendicular from the centre of a regular polygon to one O! 
Sides. 


) One of the e 
omet. See perihelion 


ARGAND DIAGRAM 


aqua regia A mixture of concentrated nitric and ‘hydrochloric acids (1 to 4 by 
volume). A highly corrosive liquid that dissolves gold and attacks many 
substances unaffected by other reagents. It turns orange-yellow owing to 
the formation of nitrosyl chloride, NOCI, and free chlorine. 

aqueous Watery. Denoting solutions in which water is the solvent. 

arabinose Pectinose. C;H,gQs. A white soluble crystalline solid, m.p. 
164.5*C., obtained from gums or synthetically from glucose, used as a cul- 
ture medium in bacteriology. 

arachidic acid Eicosanoic acid. CH3(CH);sCOOH. A white crystalline insol- 
uble solid, m.p. 76.3°C., obtained from peanut oil and used in lubricants, 
plastics, and waxes. 

are, electric A highly luminous discharge, accompanied by a temperature of 
over 3000°C, which is produced when an electric current flows through a 
gap between two electrodes. The current being carried by the vapour of the 
electrode; e.g. the common carbon arc is formed between two carbon rods, 
and constitutes a very bright source of /ight. In the same way metallic arcs 
are formed between two similar metallic surfaces. 

Archimedes’ principle The apparent loss in weight of a body totally or par- 
tially immersed in a liquid is equal to the weight of the liquid displaced. 
See buoyancy. Named after the Greek mathematician (287-212 B.C. jN 

arc lamp A technical application of the electric arc to produce a very bright 
light. The carbon arc lamp consists of an electric arc between two carbon 
electrodes, with suitable automatic mechanism for striking the arc and 
drawing the carbons closer together as they are vaporized away. The mer- 
cury arc lamp is important for laboratory use. 

arc of circle See circle. 

arc sin, tan, cos See inverse trigonometrical functions. 

are Metric unit of area equal to 1 square dekametre, 100 square metres, or 
119.60 square yards. 

area, Imperial units 

| square inch = 6.4516 square cm 
144 sq ins = 1 sq foot = 929 sq cm 
9 sq ft = 1 sq yard 
30%, sq yds = 1 sq pole 
40 sq pls = 1 rood 
484 sq yds = 1 sq chain 
4 roods = 4840 sq yds = 1 acre 
640 acres = 1 sq mile 
See also Appendix, Table 1. 
area, metric units 
1 sq centimetre = 0.155 sq inch 
10000 sq cm = 1 centare = 1 sq metre 
100 sq m = 1 are 
100 ares = 1 hectare = 2.47105 acres 
100 hectares = 1 sq kilometre 
See also Appendix, Table 1. 
arene An aromatic hydrocarbon. 4 


Argand diagram 1. The representation of a complex number, z = x + iy, as 
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ARGENTIFEROUS 


int (x. in Cartesian coordinates, using the horizontal (x-axis) to 
seen ital part of the number and the vertical (y-axis) to represeng 
the imaginary part of the number. In polar coordinates. the point is repre 
sented by (r, 8), where 6 is the argument of the complex number and r is 
its modulus. 2. A vector diagram showing the magnitude and phase angle 
of any vector with respect to another. Named after J. R. Argand 
(1768— 1822). 

argentiferous Silver-bearing. 


argentite Silver glance. Natural silver sulphide, AgS. An important ore of 
silver. 


arginine An essential amino acid. See Appendix, Table 5. 

argol Tartar. A reddish-brown crystalline deposit consisting mainly of potas- 
sium hydrogen tartrate, which separates in wine-vats. 

argon Ar. Element. R.a.m. 39.948. At. No. 18. An inert gas, m.p. -189*C., 
b.p. —185*C., that occurs in the air (0.9%). It is used for filling electric 
lamps and in fluorescent tubes at a pressure of about 3 mm of mercury 
(400 N m -?). See also potassium-argon dating. 


argument (math.) 1. An independent variable that forms part of a function. 2. 
See Argand diagram. X 
arithmetic mean Arithmetic average. The sum of a set of n numbers divided 
by n. E.g. the arithmetic mean of 4, 3, and 8 is 5. 
arithmetical series A series of quantities in which each term differs from the 
Preceding by a constant common difference. For an A.P. in which the first 
term is a, the common difference d, the number of terms n, the last term 
: L, and the sum of n terms S; 
TN S = n[2a + (n-1)d]/2 
i S= n(a + L)/2 
L-a-(n- 1)d. 
ally rotating, of a dynamo or electric moe 
, mor ^ ure is any part of an electric apparatus 4 
| machine in Which a voltage is induced by a magnetic field, e.g. in recor" 
d player pick-ups, electromagnetic loudspeakers, relays, etc. i 
aromatic (chem.) The original concept of aromatic compounds as derivatives 


of benzene has been extended to certain other organic compounds. See 
aromaticity, 


arsenate An arsenate(V) is a salt OF ester of arsenic(V) acid. An arsenate( TID 
is à salt or ester of arsenic(III) acid (formerly called arsenious acid). 
arsenate(V) was formerly c. 


alled an arsenate; an arsenate(III) was formerly 
called an arsenite, 


and Yellow arsenic, r.d. 2.0» It occurs combined with sulphur as realga^ 
As4Sq, orpiment, As)S,; 


e 
with oxygen as white arsenic, A$s503; with som 
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ASSAYING 


metals and as the element. Metallic arsenic is used in semiconductors and 
in alloys. Compounds are very poisonous and are used in medicine and for 
destroying pests. 

arsenic acid Arsenic(V) acid (formerly arsenic acid), H3AsO4, is a white 
soluble crystalline powder, m.p. 35.5°C., used to manufacture arsenate(V) 
salts. Arsenic(III) acid. (formerly arsenious acid), H3 AsO}, is a solution of 
arsenic(III) oxide in water. 

arsenical pyrites See mispickel. 

arsenic(III) oxide White arsenic, arsenic trioxide, arsenious oxide, arsenious 
anhydride. AsO}. A white amorphous powder used in the manufacture of 
pigments and as an insecticide. 

arsenic(V) oxide Arsenic oxide. A3Os. A white amorphous deliquescent solid 
that decomposes at 315°C. It loses oxygen on heating to give arsenic(III) 
oxide and in solution in water yields arsenic(V) acid. 

arsenic trisulphide Arsenic(III) sulphide, orpiment. As)S;. A yellow soluble 
solid, m.p. 300°C., used as a pigment. 

arsenious acid See arsenic acid. 

arsenite See arsenate. 

arsine Hydrogen arsenide. AsH}. An intensely poisonous colourless gas. It is 
used to dope microelectronic components with arsenic. 

artificial radioactivity See induced radioactivity. 

aryl An organic univalent radical derived from an arene; e.g. phenyl, C; Hs—, 
derived from benzene. 

asbestos A variety of fibrous silicate minerals, mainly calcium magnesium 
silicate. It is used as a heat-insulating material and for fire-proof fabrics. 
Inhalation of the fibres can be extremely dangerous. 

ascorbic acid Vitamin C. C&HgOg. A white crystalline solid, m.p. 192°C., 
that occurs in fruits and vegetables. Deficiency causes scurvy. 

aseptic Free from bacteria. 

ash The incombustible residue left after the complete combustion of any sub- 
stance. It consists of the non-volatile, inorganic constituents of the sub- 
stance. 

asparagine A white crystalline soluble amino acid obtained from some legumi- 
nous plants. See Appendix, Table 5. 

aspartic acid Asparaginic acid, aminosuccinic acid. A white crystalline amino 
acid found in sugar beet. See Appendix, Table 5. 

asphalt A black semi-solid sticky substance composed of bitumen with min- 
eral matter. It consists mainly of complex hydrocarbons, and occurs natu- 
rally in asphalt lakes or in deposits mixed with sandstone and limestone. It 
is. made artificially by adding mineral matter to bitumen and is used in 
road-making and building. 

aspirator An apparatus for drawing a current of air or other gas through a 
liquid. > ~ 

aspirin Acetylsalicylic acid. CH;COOC,;H,COOH. A white solid, m.p. 
133°C., used in medicine as an antipyretic and analgesic. 

assaying Analysing for one constituent of a mixture, particularly the estima- 
tion of metals in ores. 
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ASSOCIATION 


association (chem.) Under certain conditions, e.g. in solution, the molecules of 
Some substances associate into groups of several molecules, thus ard 
the substance to have an abnormally high relative molecular mass. See 
water. ical 
astatic coils An arrangement of wire-wound coils used in sensitive electrica 
instruments; the coils are arranged to give zero resultant external magnetic 
field when an electric current passes through them, and to have zero elec- 
tromotive force induced in them by an external magnetic field. [ 
astatic galvanometer A type of moving-magnet galvonometer, in which two 
equal small magnets are arranged parallel but in opposition at the centres 


of two oppositely wound coils, the system being suspended by a fine tor- 
sion fibre. Since the resulting magneti 


ic moment is zero, the Earth's no 
netic field exerts no controlling torque on the moving system. Instead, the 
restoring torque is su 


pplied by the suspending fibre and is made very’ 
small by using a fine quartz fibre; the sensitivity of the galvanometer 1S 
thus very large. 


astatic pair of magnets An arran 
ters. 


astatine At. Element. At, No. 85. The last member of the halogen group and 
the only one without a stable isotope. The most stable isotope, astatine- 
210, has a half-life of only 8.3 hours. 
asteroids Planetoids, minor planets. A belt of small bodies rotating round the 
Sun in orbits between those of Mars and Jupiter. The largest, Ceres, has à 
diameter of 685 km, but most are much smaller. It is thought that there 
are many thousands of these bodies, but only about 200 have a diameter 
in excess of 100 km. 
astigmatism A defect of lenses (including the eye) caused by the curvature 
being different in two mutually perpendicular planes; thus rays in one 
plane may be in focus while those in the other are out of focus, producing 


distortion. Astigmatism of the eye is corrected by the use of cylindrical 
lenses. 


gement of magnets used in astatic galvanome- 


astringent A substance that by contracting body tissues, veins etc, reduces 
the discharge of mucus or blood. 

astrocompass An instrument for determining direction relative to the stars. 
Unaffected by the errors to which magnetic or gy. 
it is used to determine the errors of such instrum 

astrolabe An instrument used b 


ro compasses are subject, 
ents. 

y early astronomers to measure the altitude of 
heavenly bodies, The simplest form consists of a graduated circular ring 
with a movable sighting arm. It has now been replaced by the sextant. 
astrology The ancient art or pseudo-science of predicting the course of 


human destinies by indications derived from the positions and movements 
of the heavenly bodies. 


astrometry The branch of astronomy concerned with measurements of the 
positions, of celestial bodies on the celestial sphere. 


astronautics The scientific study of travel outside the Earth's atmosphere. 
astronomical telescope See telescope. 


astronomical unit The mean distance from the centre of the Earth 10 the 
centre of the Sun. 1.495 x 10!! metres, approximately 92.9 x 106 miles. 
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ATOM, STRUCTURE OF 


as 7 E 
En eques study of the heavenly bodies, their motions, relative 
and br m nature. Its main branches are astrometry. celestial mechanics, 
astrophy m M See also radio astronomy and cosmology. f ] 
of celesti al y anh of astronomy concerned with the physical properties 
them (and i odies, and the interaction between marter and energy within 
asymnietsi in the space between them). 
asymmet i Not possessing symmetry. 
un zd TI atom A carbon arom in à molecule of an organic com- 
Such bus four different atoms or groups attached to its four valences. 
the Riese oe permits of two different arrangements in space, leading to 
asymptote Ywe of optical isomers. See stereoisomerism. — — 
distance; line approaching a curve, but never reaching it 
de polymer A polymer in which the group simis 
repeat S iRengen regularly. In isotactic polymers the same irregu arity is a 
us ed along the chain, whereas in syndiotactic polymers there are asym- 
metric carbon atoms in the chain and successive groups lie on alternate 4 
Tuis of the chain. Compare tactic polymer. , : 
rmancy The property of being opaque to radiant heat; i.e. of absorbing 


heat radiations. 


Atherodyde Athodyd. See ram jet. 
atmolysis The separation of a mixture of gases through the walls of a porous 
Vessel by taking advantage of the different rates of diffusion of the constit- 
uents. i 
atmometer Evaporometer. An instrument 
tion of water. 
atmosphere The gaseous envelope surrounding the Earth (or other heavenly ! 
body) The composition of the Earth's atmosphere varies very slightly in 
different localities and according to altitude. Volume composition of dry 
air at sea-level (average values) are: nitrogen, 78.08%; oxygen, 20.95%; k 
argon, 0.93%; carbon dioxide, 0.03%; neon, 0.0018%; helium, 0.0005%; 
krypton, 0.0001%; xenon, 0.00001%. Air generally contains, in addition, 
water vapour, hydrocarbons, hydrogen peroxide, sulphur compounds, and dust 
particles in small and very variable amounts. See also upper atmosphere. 
atmosphere A unit of pressure. The pressure that will support a column of 
mercury 760 mm high (29.92 inches) at 0°C., sea-level and latitude 45°. 1 
normal atmosphere = 101325 pascals = 14.72 Ib/sq in (approx). Atmos- 
pheric pressure fluctuates about this value from day to day- 
atmospherics Electrical discharges that take place in the atmosphere, causing 
crackling sounds in radio receivers. 
atom The smallest portion of an element that can take part in a chemical 
reaction. See atom, structure of; atomic theory. 
atom, structure of The atom consists of a positively charged central core, the : 
nucleus. surrounded by one or more negatively charged ;'anetcry electrons. 
‘The openness of atomic structure is indicated by the following on è 
mate dimensions: J= 
Effective radius of atom 107 !9m 
Effective radius of nucleus 107! ^m 
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within a finite 


s attached to the main chain 


for measuring the rate of evapora- 


ER o 
ATOMIC BOMB 


Effective radius of electron 10-15 m 


Almost all the mass of the atom resides in the nucleus, which is compo sa 
of two different types of stable particle of almost equal mass, the MEC 
Which is positively charged, and the neutron, which is electrically AM 
The mass of the electron is 1/1836th of that of the proton, and aro 
its charge is Opposite in sign, it is numerically equal to that of the proti z 
The number of planetary electrons in the electrically neutral atom is he if 
fore equal to the number of protons in the nucleus. The chemical bel E 
viour of an atom is determined by its number of planetary electrons Ca 
acterized by the atomic number ), chemical combination between atoms ta 


ing place by the transfer or sharing of outer electrons between combining 
atoms. See valence. 


d as 


m i ualized as a central nucleus surrounded by a distribution of 
probabilities th exist at certain points at certain 


Atoms of an element that have the same 
nuclei, but a differ 
element. When a 
lion is used: 


number of protons, p, in their 
ent number of neutrons, n, are called isotopes of that 
particular isotope is being considered the following nota- 
to the chemical symbol of the element, the mass number 
(n + p) of the isotope is added as a superscript. The atomic number of the 
element may also be added as a subscript; e.g. 1H, ?C, '2Au, are the most 
abundant isotopes of hydrogen, carbon, and gold. 
atomic bomb See nuclear weapons. 
atomic clock A very accurate form 
Scale is derived from the vibrati 
clock, ammonia clock. 


9f clock in which the basis of the time 
ons of atoms or molecules. See caesium 


relative atomic mass and the spe- 
» Le. what is now called the molar heat 


atomicity The number of atoms in a molecule. E.g. water has an atomicity of 
3. 
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was fi 1 
ormerly defined so that the most abundant isotop 
In 1961 the ‘unified atomic mass 


ad 
on A E 16 atomic mass units. 
adopted d a as 1/12 of the mass of an atom of C-12, and was 
meer e International Union of Pure and Applied Physics and the 
atomic n al Union of Pure and Applied Chemistry. 
umber Proton number. Z. The number of electrons 
it, or the numbe! 


— then 
nucleus of the neutral atom of an elemen 
pendix, Table 3. 


the 
atomi nucleus. See atom, structure of and Ap 
CM Orbital See orbital. 
ny physics The study of the physi 
misc properties. See also nuclear physics. 
pile The original name for a nuclear reactor. 


atomi 
ic theory An hypothesis as to the structure of matter, 
ion of chemical facts and 


Democri 
emocritus, put forward as a formal explanat 
f the nineteenth century. It assumes that 


Romi AUER METAL 
ic mass " z 2 
units, The mass of an isotope of an element measured in atomic mass 
atomic m; 

i ass uni : 5 
individual unit Dalton. AMU. A unit used for expressing the masses of 
isotopes of elements, approximately equal to 1.66 X 10-27 kg. It 
e of oxygen, O-16, 


rotating round 
of protons in 


cs of the atom, its structure, energy, 


foreshadowed by" 


l 
aws by, Dalton in the beginning O 
lled atoms; the atoms of 


matter is made up of small indivisible particles Ca 
al in all respects, but differ from those of other 


eee element are identical In. : 
i ents at least in mass. Chemical compounds are formed by the union of 
S ms of different elements in simple numerical proportions. Modern views 
n the structure of the atom (see atom, structure of) diverge considerably 

lue in affording a simple 


from Dalton’s hypothesis, but it is still of val 
chemical combination. 


omic mass of an element divided by its density. 


i Seat of the laws of 
mic volume The relative at 


mee weight See relative atomic mass. 
A m smasher A popular name for an accelerator. 

TP See adenosine triphosphate. 
lourless crystalline insoluble alkaloid, m.p- 115°C... 
ful effect upon the nervous system, 


atropine C,; H;3NOs. A co 
] of the eye- It occurs in the 


It is extremely poisonous, has a power 
and is used in medicine to dilate the pupi 
deadly nightshade and henbane. 
attenuation (phys.) The loss of power suffered by radiation as jt passes 
through matter. 
atto- Prefix denoting one 
am = 10~!8 metres. 
aubepine See anisaldehyde. 
cy of sound waves that are audible as 


million million millionth; 10-8, Symbol a, e.g- 


audibility, limits of The limits of frequen T 
lowest is about 30 hertz, corresponding to a 
on of 20000 hertz, 


sound to the human ear. The 
d the highest in the regi 


very deep vibrating rumble, an 
Corresponding to a shrill hiss. 
audiofrequency A frequency between 30 and about 20 000 hertz, which in the 
case of sound waves would be audible. 
audiometer An instrument for measuring the level of human hearing. 
metal (a mixture of cerium and 


[ Aue gon ic alloy of 65% misch 
nd 35% iron. It is used as ‘flint’ in lighters. 
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AUGER EFFECT ii 


Auger effect The emission of an electron by an arom, without the emission of 
X- or y-radiation, as a result of a change from an excited state (see excitu- 
tion) to a lower energy state. Named after Pierre Auger (born 1899). Y 

Aureomycin* Chlortetracycline. C5; H54 N5OgCl. A broad-spectrum aiti 
used against many organisms that are resistant to penicillin; it is also use 
to stimulate growth of animals. 

auric Containing gold in its higher (+3) oxidation state, such as auric chlo- 

-ride, i.e. gold(III) chloride. 

auric chloride See gold(III) chloride. 

auriferous Gold-bearing. 


aurora borealis Northern lights. A display of coloured light streamers and 
glows, mainly red and green, visible in the regions of the North and South 
Poles. Probably caused by streams of electrified particles from the Sun, 1t 
is most prominent when large sunspots are observed. In southern latitudes 
the effect is called the aurora Australis. See solar wind. 


aurous Containing gold in its lower (+1) oxidation state, such as aurous 
chloride, i.e. gold(I) chloride. 

austenite A solid solution of carbon or of iron carbide in the gamma form of 
iron; it is normally stable only at high temperatures, but may be preserved 
at normal temperatures by certain alloying elements: or by rapid cooling. 

autocatalysis Catalysis in which the catalyst is produced during the course of 
the reaction that is being catalysed. 

autoclave A thick-walled vessel with a tightly fitting lid, in which substances 
may be heated under pressure to above their boiling points. It is used in 
the manufacture of chemicals, for sterilizing medical instruments, etc., and 
in cooking. 


autolysis The self-destruction of biological cells after death, as a result of the 
action of their own enzymes. 

automation The application of mechanical, or more commonly electronic or 
computerized, techniques to minimize the use of manpower in any process. 

autoradiograph An image obtained by placing a thin biological or other spec- 
imen, containing a radioactive isotope, in contact with a photographic 
plate, exposing for a suitable period and developing. The image shows the 
distribution of the radioactive element in the specimen. 

autosome Any chromosome other than a sex chromosome. 

auxins A type of plant hormone that promotes the elongation and growth of 
plant cells and stimulates rooting; e.g. indole-3-ethanoic acid. 

avalanche (phys) A shower of particles caused by the collision of a high 
energy particle (e.g. a cosmic ray ) with any other form of matter. 

Avogadro constant Avogadro's number. L or Na. The number of atoms or 
molecules in a mole of a substance: 6.022 52 x 1023 mol- '. 

Avogadro's Law Avogadro's hypothesis. Equal volumes of.all gases contain 
equal numbers of molecules under the same conditions of temperature and 
pressure. Named after Count Amadeo Avogadro (1776—1856). 

avoirdupois weights A system of weights used in the English-speaking coun- 
tries. See mass, Imperial units of. 

axis 1. An imaginary line about which a given body or system is considered 
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AZO COMPOUND 


A 
lo rot 
ate. 2. O " 
ne of two or three reference lines in a system of Cartesian 


coordinates. 
aXis of mi 
mi á 
axis of x See mirrors, spherical. 
; OF symmetry ine T A E 
diameter of Te ae about which a given figure is symmetrical; e.g. the 
axon A cle. 
long nerve fi : 
EN rone: g nerve fibre that carries impulses away from the body of a 
azeotro 
e oint poing mixture. 
Bi siven à certain constant femperature 
relative e Its boiling point may be 
azide A o the original components. 
eB. s compound containing the univ 
- Sodium azide, NaN3 


CELESTIAL SPHERE 


or more liquids that 
stant composition at 
m or a minimum 


A mixture of two 
and has a con: 
a maximul 


alent azido group. —Ns. or ion, Ny”, 


ZENITH 


STAR 
ALTITUDE 


AZIMUTH 
HORIZON 


OBSERVER 


NADIR 


a = azimuth angle Figure D 


b = zenith angle 
azi A 
Y um (astr.) The angular distance from the north or south point of the 
orizon to the foot of the vertical circle through a heavenly body. The 
azimuth of a horizontal direction 1s its deviation from the north or south. 
See Fig. 2. 
cunis quantum number See quantum number. 
azines Organic derivatives of hydrazine, of the ge 
d. RR'C=N-N=CRR’. be^ 
i ere R and R' are univalent organic radicals. The suflix -azine is also used 
i ine E naming of six-membered unsaturated heteresy' lic.,compounds 
n B J ds : 
as azines. rogen in the ring. Such compounds are sometimes described 
azino The quadrivalent radi 
He radical =N.N= 
azo compound A : 
compound containing an 47? 
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neral formula 


group attached to two carbon 


AZO COUPLING 


atoms (-CN=NC-). Aromatic azo compounds are usually: prepared by 
azo coupling. : 
azo coupling The formation of an azo compound by the reaction of an aro- 


matic diazo compound with a suitable nucleophilic reagent, such as an amine 
or a phenol. 


azo dyes Azo compounds used as dyes of many application classes (acid. 
direct, disperse, azoic, etc.). 
azoic dyes Insoluble azo dyes that are formed within the fibre by the azo 


coupling of a diazo compound with a suitable azo-coupling component, often 
a naphthol derivative. 


azoimide See hydrogen azide. 
azote Former name for nitrogen. 


azurite Natural basic copper(II) carbonate, 2CuCO;.Cu(OH),. Having an 
intense blue colour it is used as a gemstone. 
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BALANCE 


B * 
abbitt metal A class of alloys with a high proportion of tin, and small 
i be replaced by lead. 


a S 
mounts of copper and antimony. Part of the tin may 


un used for bearings. Named after I. Babbitt (1799-1862). 
s law The addition of a non-volatile solid to a liquid in which it is 
oportion to the 


ie lowers the vapour pressure of the solvent in pr 
D mount of substance dissolved. Named after Clemens von Babo (1818-99). 
cillus In general, a rod-shaped bacterium. In particular, a genus of spore- 


$ producing bacteria. 
ack E.M.F. of cell An E.M.F. set up in a cell that opposes the normal 
E.M.F. It occurs when the poles of a cell become polarized (see polariza- 
tion, electrolytic ). 
back E.M.F. of electric motor An E.M.F. set up in the coil of an electric 
e coil when the armature 


motor, opposing the current. flowing through th 


TOtates, 
background (phys. The counting rate of a counter tube caused by sources 
Other than the one being measured. It is due primarily to natural radioac- 
tivity in the soil, and cosmic rays. 
backing storage Computer stores with a capacity to store enormous quantities 
of information, but with an access time much greater than the main store. 


The commonest types are magnetic tape decks, fixed magnetic disk stores, 


and exchangeable magnetic disk stores. 

bactericide A substance that kills bacteria. 

bacteriology The study of bacteria. 

bacteriophage Phage. A virus that requires a bacterium in which to replicate. 

bacterium A cellular microorganism incapable of photosynthesis. They are usu- 
ally single celled and usually reproduce by mitosis although there are 

exceptions. Bacteria are the causes of many diseases, most of which can 
now be treated by the use of antibiotics. However, bacteria also perform an 
indispensable function in n ingi bout the decay of plant and 
animal debris in the soil. Bacteria their shape into 
three main groups: the spherical or coc shaped organism 
called a spirillum, and the rod-shaped or bacillus type- 

Bakelite* Trade name for various synthetic resins of which phenol-formalde- 
hyde resins are amongst the most widely known. Named after Leo Hen- 
drick Baekeland (1863-1944). 

baking powder A mixture that produces carbon dioxide gas, CO2, on wetting 
or heating, thus causing the formation of bubbles in dough and making it 
rise’. It usually contains sodium hydrogencarbonate, NaHCO}, and tartaric 
acid or cream of tartar. 

lai oce See sodium hydrogencarbonate. 
lane i Daraus for weighing. A beam balance consists of a lever with 

arms, with a ded from the end of each arm. Mi 
pan suspende . Masses 
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cus form, the spiral- 


BALANCED REACTION 


placed in the pans are subject to pulls of gravity; when these forces are 
equal, as indicated by the beam being horizontal, the masses themselves 
must be equal. Sensitive balances have beam and pans poised on knife- 
edges of agate resting on agate surfaces. An accurate balance will weigh to 
the nearest 1075 g. In the substitution balance, weights are removed from 
a single arm to bring the single pan back into balance with a fixed 
counter-weight. These can be accurate to 107° g. In electronic balances, 
mass is measured by the displacement of the pan support, which generates 
à current proportional to the displacement. This current is used to generate 
a magnetic force that makes the support return to its equilibrium position. 
The magnitude of the force required, translated into units of mass, is given 
by a digital display. 

balanced reaction See chemical equilibrium. 

balata A natural rubber-like material very similar to gutta-percha. 


ballistic galvanometer An instrument for measuring electric charge by 
detecting a momentary current. Any galvanometer may be used ballistically 
provided that its period of oscillation is long compared with the time dur- 
ing which the current flows. It is usually a moving-coil instrument with a 
heavy coil and little damping. The initial deflection is proportional to the 
charge passed. 

ballistic missile A ground-to-ground missile with a parabolic flight path. A 
aa that is propelled and guided only during the initial phase of its 

ight. 

ballistic pendulum A device for measuring the velocity of a projectile, such as a 
bullet, It consists of a large mass freely suspended from a horizontal beam 
and a means of measuring the displacement of the mass when it is struck 
by the projectile. The displacement of the mass is a function of the projec- 
tile's velocity. 

ballistics The study of the flight path of projectiles. 

Balmer series A series of sharp distinct lines in the visible spectrum of hydro- 
gen, the wavelengths, X, of which may be represented by the formula: 

1/A = R(1/22 — 1/n?); 

n = 3, 4, 5, etc., R is a constant known as Rydberg’s Constant, which has 
the value 1.096 77 x 107 m~!. Named after J. J. Balmer (1825-98), 

band spectrum An emission or absorption spectrum consisting of a number of 
fluted bands each having one sharp edge. Each band is composed of a 
large number of closely spaced lines. Band spectra arise from molecules, 

band theory See energy bands. 

bandwidth The range of frequencies within which the performance of a circuit, 
receiver, or amplifier does not differ from its maximum value by a specified 
amount. The bandwidth of a radio emission is the width of the Srequency 
band that carries a specified proportion (usually 99%) of the total power 
radiated. 

bar A unit. of pressure in the C.g.5. system; a pressure of 106 dynes per sq cm. 
It is equivalent to a pressure of 0.986 923 atmosphere (approx. 750 
mm Hg). 1 bar — 105 pascals and the commonly used millibar is equal to 
100 Pa. 


barbitone Barbital, 5,5-diethylbarbituric acid. CO(HNCO); (C2 Hs)?. A crystal- 
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BARRIER-LAYER RECTIFIER — 


line substance derived from barbituric acid, m.p. 191°C., used in the form 


of its sodium salt as a hypnotic. 
barbiturates A class of organic compounds derived from barbituric acid. Many 
ul soporific effect. They were formerly 


of these compounds have a powerf 
used extensively in sleeping tablets, but as an overdose could be fatal they 


have been largely replaced by safer substances. | 

barbituric acid Malonylurea. CO(NH.CO); CH2- A white crystalline powder, 
m.p. 248°C., used in the synthesis of drugs and plastics. 

Barff process Prevention of rusting of iron by the action of steam upon the 
surface of the red-hot metal, resulting in a surface coating of black oxide 
of iron, Fe,O,. 


barium Ba. Element. Ram. 13734. At. No. 56. A silvery-white soft metal, 


which tarnishes readily in air. R.d. 3.5, m.p- 710°C, b.p. 1640°C. It occurs 
as barytes, BaSO4, and as barium carbonate, BaCO3. Compounds resemble 
those of calcium but are poisonous. Compounds are used in the manufac- 
ture of paints, glass, and fireworks. 

barium carbonate BaCO}. A heavy white poisonous insoluble powder, used in 
Tat poisons, certain optical glasses, and various industries. 

barium hydroxide Caustic baryta. Ba(OH) .8H20. A white poisonous crystal- 
line solid, m.p. 76°C., used for recovering sugar from waste molasses, for 
refining vegetable oils, and in glass manufacture. 

barium oxide Baryta. BaO. A white crystalline powder, m. 
B dehydrating agent and in the manufacture of glass. 

barium peroxide BaO;. A white insoluble powder, m.p. 450°C., used as a 
bleaching agent. 

barium sulphate Blanc fixe. BaSO4. A white crystallin: 
1580*C., used as a pigmenr and, because it is opaque to X-rays, as t 
of ‘barium meal’ in X-ray diagnosis. 

barium titanate BaTiO}. ^ crystalline substance with good ferroelectric and 
piezoelectric properties, used in transducers. 

Barkhausen effect The effect observed when a ferromagnetic substance is mag- 
netized by a slowly increasing magnetic field; the magnetization does not 
take place continuously, but in a series of small steps. The effect is due to 
orientation of magnetic domains present in the substance. Named after 


H. Barkhausen (1881—1956). 
barn A unit of area for measurin 

10-24 sq cm. 
barograph An instrumen 

ations in a 


p. 1923°C., used as 


e insoluble powder, m.p. 
he basis 


g the cross-section of nuclei. 1 barn equals 


t used in meteorology for recording on paper the vari- 


over a period of time. 
ric pressure. A mercury 


barometer consists of a long tube (about 80 cm) closed at the upper end, 

filled with mercury, and inverted in a vessel containing mercury; the verti- 

cal height of the mercury column that the atmospheric nressure is able at 
time to S 

E also aneroid barometer. 

Iu 'ectifier A rectifier th i t ; 

rrier-layer T AI r that consists oF a semicondt : 4 

pag ing and non-rectifying metal electrodes. uctor between recti- 
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BARYCENTRE 


barycentre Centre of mass: particularly the centre of mass of the Earth/ Moon 
system. 


barye A unit of pressure in the c.g.s. system, equal to one dyne per sq cm or 
0.1 pascal. 

baryon A collective name for nucleons and other particles that have a nucleon 
in their decay products. They are all hadrons and consist of three quarks 
bound together (see elementary particles). The number of baryons minus 
the number of corresponding anti-baryons taking part in a process is called 
the baryon number—a quantity that appears to be conserved in all pro- 
cesses. All baryons have spin Y.. 

baryta See barium oxide. 

barytes Heavy spar. Natural barium sulphate, BaSO,. 

basalt A rock of volcanic origin, chemically resembling Seldspar. 

base (chem.) A substance that liberates hydroxyl ions in solution, reacts with 
an acid to form a salt and water only, has a tendency to accept protons, 
and turns litmus blue. Bases include oxides and hydroxides of metals and 
ammonia. See also organic base; Lewis acids and bases; Lowry—Brgnsted 
theory. 

base (math.) 1. The horizontal line upon which a geometric figure stands. 2. 
The number that is a starting point for a numerical or logarithmic system. 
E.g. the binary notation is a numerical system to the base 2; common 
logarithms are to the base 10. 


base (phys.) The part of a transistor that separates the emitter from the collec- 
tor. 

base exchange Cation exchange. See ion exchange. 

base metals. Metals that corrode, tarnish, or oxidize on exposure to air, mois- 
ture, or heat. Compare noble metals. 

basic (chem.) Having the properties of a base; opposite to acidic; reacting 
chemically with acids to form salts. Compare acidic. 

basic-oxygen process B.O.P. A method of making steel that has largely 
replaced the Bessemer process. It originated in the Linnz-Donnewitz (L-D) 
process. Scrap iron and molten pig iron are inserted into a tilting furnace 
and converted to steel by blowing high-pressure oxygen through a water- 
cooled lance onto the surface of the metal. 

basic salt A salt formed by the partial neutralization of a base; it consists of 
the normal salt combined with a definite molecular proportion of the base. 
E.g. basic lead carbonate or lead(IT) carbonate hydroxide, 2PbCO,.Pb(OH); 
(formerly known as white lead). 

basic slag An impure mixture of tetracalcium phosphate, Ca4 50s, calcium 
silicate, CaSiO3, lime, CaO, and iron(III) oxide, Fe;O3. A by-product of 
steel manufacture, its high phosphorus content makes it a valuable fertilizer. 

bath salts The main constituent is generally sodium  sesquicarbonate, 
Na5CO4.NaHCO,.2H5O0, or some other soluble sodium salt to soften the 
water. See hard, water. 

bastnasite A rare yellow-brown mineral consisting of a carbonate of fluorine 
and several lanthanides, i.e. LaFCO3. It is used as a source of lanthanides, 
including praseodymium. + 

bathymetry Measurement of depth, especially of the sea. 
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battery A number of primary or secondary cells arranged in series or parallel 
In series, they give a multiple of the E.M.F. of the cell; in parallel, they 
give the same E.M.F. as the cell, but have a greater capacity, ie. à given ! 
Current can be supplied for a longer period. The common *dry batteries 

3 usually consist of Leclanché cells. 
ole scale A scale of relative density (specific gravity 
alter A. Baumé (1728-1804). 


Degrees Baumé = 1443 (r.d. -1)/r.d. 


bauxi E 
uxite Natural Aydrated aluminium oxide, Al,03.xH20. The most important 


ore of aluminium. 
bauxite cement Ciment fondu. A rapid-hardening cement consisting mainly of 
3 calcium aluminate; made from bauxite and lime in an electric furnace. 
a S theory See superconductivity. 
nm (phys.) Radiation travelling in a particular direction. 
am hole A hole made in the shield, and usually through the reflector, of a 
nuclear reactor to permit the escape of a beam of radiation, particularly 
neutrons, for experimental purposes. 
beam riding A method of rocker guidance in which the missile steers itself 
; along the axis of a beam of radiation, usually a conically scanned radar 


BEESWAX 


) of liquids. Named 


beam. 

beam transmission Radio transmission in which the electromagnetic waves are 
Sent in a particular direction in à beam instead of being radiated in all ‘ 
directions, i 


bearing (math.) The direction of a point B from a fixed point 4 in terms of 
the angle the line AB makes with the line running due North and South n 
through A (e.g. 20° East of North) or in terms of the angle the line AB ng 
makes with the line running due North through 4, considered in a clock- 3 4 


Wise direction. 
beat frequency The difference frequency resulting from the interaction between 
radio frequency signals of different wavelengths. 


beats (phys.) A periodic increase and decrease in loudness heard when two 
notes of nearly the same frequency are sounded simultaneously. It is caused 
the number of beats produced per second 


by interference of sound waves, t 
being equal to the difference in frequencies of the two notes: 

Beaufort scale A numerical scale for the estimation of wind force, based on s 

Named after Admiral Sir F. Beaufort n 

‘ 


its effect on common objects. Adi 1 
(1774-1857). The scale for various wind forces is given 1n the table. 


Beckmann thermometer A sensitive thermometer for measuring small differ- 

ences or changes in temperature. The quantity of mercury in the bulb can 

be varied by causing it to overflow into a reservoir at the top, thus ena- 

bling the thermometer to be used over various ranges of temperature. The 
scale covers 6—7 degrees and is graduated to 0.01 degree. 

| The derived SI unit of activity (radioactive). The activity of a 

vd fonuclide that SK at an average ma of one spontaneous nuclear 

er second. | curie = 3.7 X 10'" Bq. Symbol Bq. Named after 


ition Po | 
a aine. Henri Becquerel (1852—1908). 
3 hiti isti i. 
A whitish wax consisting of a mixture of compounds, secreted by 


3T 


RN ~~ > = 


bees for the purpose of building their honeycombs. It is used in polishes 
and cosmetics. 


beet sugar Sucrose. Cj; H550,,. Obtained from the sugar beet, beet sugar is 
chemically identical with cane sugar. 

behenic acid See docosanoic acid. 

bel Ten decibels. 


bell, electric A simple device making use of the magnetic effect of an electric 
current. Closing the switch (see Fig. 3) causes a current to flow through a 
small electromagnet. This then attracts a Piece of soft iron attached to a 
hammer, causing the latter to strike the gong of the bell. The movement of 
the iron breaks the circuit; the current ceases to flow through the electro- 
magnet, and the iron and attached hammer spring back into their original 
Position, thus closing the circuit again; this Process continues as long as 
the switch is closed. 

bell metal An alloy of copper (60%-85%) and tin. 


bending moment The bending moment about any point in a loaded beam is 
the algebraic sum of the moments of all the vertical forces to one side of 
that point. 

beneficiation The separation of ores into valuable components (concentrates) 
and wastes (gangue). It can be achieved in various ways; e.g. by flotation. 

bentonite A clay-like material similar to Suller’s earth. 

benzaldehyde See benzenecarbaldehyde. 

Benzedrine* See amphetamine. h 

benzene Benzol. C6He. A colourless liquid aromatic hydrocarbon found in 
coal-tar but now made from petroleum, b.p. 80.1°C. It is used as a solvent 
and in the manufacture of numerous organic compounds. See also benzene 
ring; aromaticity. 

benzenecarbaldehyde Benzaldehyde. C; H4 CHO. A colourless oily liquid, b.p. 
178.1*C. with a smell of almonds, in the kernels of which it occurs, It is 
used as a solvent, in the manufacture of dyes, and in perfumes and flavours. 

benzenecarbonitrile See benzonitrile. 


Beaufort Description of wind Wind speed 
number metres per sec. 
0 Calm «0.3 
1 Light air 0.3-1.5 
2 Light breeze 1.6-3.3 
3 Gentle breeze 3.4-5.4 
4 Moderate breeze 5.5-7.9 
5 Fresh breeze 8.0-10.7 
6 Strong breeze 10.8—13.8 
m Near gale 13.9-17.1 
= ^8 Gale 17.2-20.7 
S Strong gale 20.8-24.4 
10 Storm 24.5-28.4 
11 Violent storm 28.5-32.6 
12 Hurricane 232.7 
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benzenecarbonyl Benzoyl. The univalent radical CgHsCO-. Eg. benzene- 
carbonyl chloride (benzoylchloride), CH5 COCI. 

benzenecarboxylate Benzoate. A salt or ester of benzenecarboxylic acid (ben- 
zoic acid). 

benzenecarboxylic acid Benzoic acid, CsHsCOOH. A white crystalline pow- 
der, m.p. 122°C. It is used as a food preservative because it inhibits the 
growth of yeasts and moulds. It is also used for this purpose in the form 
of its sodium salt, which is highly water soluble. 

benzene-1,3-diol See recorcinol. 


benzene-1,4-diol Hydroquinone. 
stance, m.p. 170°C. It can 
dione (quinone) and is used as a reducing agent, 
photographic developing. ; 
benzene hexachloride BHC. Hexachlorocyclohexane. C&HgClg. A crystalline 
substance, m.p. 59*C., used as a pesticide. It has undesirable environmental 
effects. 
benzene ring In the benzene molecule the six carbon atoms 9 joined in a 
hexagon known as the benzene ring, generally represented by the Kekulé 
formula in which hydrogen and carbon have their usual valences of one 
and four respectively, and the carbon atoms are linked by alterrating single 
ond double valence bonds. Derivatives are formed by substitution of the 
MT en atoms, positions being indicated by numbering the ring as shown. 
act ough this has been shown to be incorrect as a representation of the 
ate of a benzene molecule, this ‘classical’ formula with alternating 
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Quinol. Ce H4(OH)2. A white crystalline sub- 


be reversibly oxidized to cyclohexadiene-1,4- 
as an antioxidant, and in 


CH 
ARN A 
CH6 2CH ( R 
| | usually abbreviated to: | 
| 


ees V 


double bonds but with a geometrically correct arrangement of atoms can be 
used as one of a number of reference formulae with different classical bond 
arrangements, the most important of which is also a Kekulé formula with 
the double bonds in the other three alternate positions. These reference 
formulae of nonexistent forms of benzene, known as resonance (mesomeric) 
Structures, can be used in the description of the actual, highly stable, state 
of the benzene molecule, treated as a resonance hybrid of all the contribut- 
ing structures. This quantum-mechanical Tesonance is general for all mole- 
cules; thus, H-CI and H*CI- are resonance forms of the hydrogen chlo- 


ride molecule. It is distinct from an equilibrium between actually existing 
interconvertible forms, as in the case of tautomerism. 


In structural formulae the benzene molecule is usually represented as 
shown. 


benzenesulphonic acid C,HsSO,;H. A crystalline soluble solid, m.p. 52.5°C., 
used in organic synthesis and as a catalyst. 

benzene-1,2,3-triol See pyrogallol. 

benzidine See biphenyl-4,4'-diamine. 

benzine Petroleum benzin, petroleum ether, solvent naphtha. A mixture of 
hydrocarbons (mainly alkanes) obtained from petroleum; it boils between 
35 and 80°C. and is used as a solvent. Because of possible confusion with 
benzene, the word ‘benzine’ should be avoided in scientific writing. 

benzoate See benzenecarboxylate. 

benzoic acid See benzenecarboxylic acid. 

benzoin 1. See 2-hydroxy-1,2,-diphenylethanone. 2. Gum Benjamin. A natural 
brown aromatic resin obtained from certain trees (Styrax benzoin), used in 
incense and in the manufacture of cosmetics and perfumes, 


benzol See benzene. 

benzonitrile Benzenecarbonitrile. Phenyl cyanide. C6HsCN. A colourless poi- 
sonous liquid, b.p. 190.7°C., used in organic synthesis. 

benzophenone See diphenylmethanone. 

benzopyrene CH}. A yellow crystalline polycyclic hydrocarbon, m.p. 179°C., 
found in small quantities in coal-tar. It is a carcinogen and is one of the 
most harmful constituents of tobacco smoke. 

benzoyl See®benzéhecarbonyl. 

benzoyl peroxide See di(benzenecarbonyl) peroxide. 

benzyl The univalent radical CgH;.CH,—. 

benzyl alcohol See phenylmethanol. 
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benzyl cellulose A benzyl ether of cellulose, possessing good electrical insulat- 
ing properties and forming the basis of a plastic material. 

benzylidene The bivalent radical CgHsCH=. 

benzylidene chloride Benzal chloride. CgHsCHCl. A colourless oily liquid, 
b.p. 205.2°C., used in the manufacture of dyes. 

benzylidyne The srivalent radical C, H5 C=. 

berberine C5 H1 9 NO5. A soluble crystalline alkaloid, m.p. 
form of its sulphate or hydrochloride in medicine. 

Bergius process A process for the manufacture of oil from coal. Coal, made 
into a paste with heavy oil, is heated with hydrogen under a pressure of 
250 atmospheres to a temperature of 450°-470°C., in the presence of a 
catalyst. The carbon of the coal reacts with the hydrogen to give a mixture 
of various hydrocarbons. Named after F. Bergius (1884-1949). 

berkelium Bk. Transuranic element. At. No. 97. A member of the actinide 
series. Most stable isotope, berkelium-247, has a half-life of about 1400 


years. 

Bernoulli's theorem At any point in a tu 
the sum of pressure energy, potential energy, 
Named after Daniel Bernoulli (1700-1782). 

Berthollide compounds Chemical compounds the composition of which does 
not conform to a simple ratio of atoms in the molecule. 

beryl Natural beryllium silicate, 3BeO.Al; 03.6Si02. 

beryllia See beryllium oxide. 

beryllium Glucinum. Be. Element. Ram. 9.0122, At. No, 4. A hard white 
metal, r.d. 1.85, m.p. 1280°C, b.p. 2970*C. It occurs as beryl, from which it 
is obtained by electrolysis. It is used for light, corrosion-resisting alloys; the 
oxide is used in refractories and in semiconductors. 

beryllium oxide Beryllia. BeO. An insoluble crystalline compound, m.p. 
2550*C., which occurs naturally in beryl. It is an amphoteric oxide that 
forms beryllates with alkalis and is used in refractories and nuclear reactors 
and in semiconductors and transistors. 

Bessemer process A process for making steel from cast iron. Molten iron from 
the blast furnace is run into the Bessemer converter, a large egg-shaped 
vessel with holes below. Through these, air is blown into the molten metal, 
and the carbon is oxidized. The requisite amount of spiegel is then added 
to introduce the correct amount of carbon for the type of steel required. In 
some modern converters, instead of air a mixture of oxygen and steam is 
blown into the molten metal to avoid the absorption of nitrogen by the 
steel. This is known as the VLN (very low nitrogen) process. Named after 
H. Bessemer (1813—98). See also basic-oxygen process. 

beta decay A radioactive disintegration of an unstable nucleus in which a 
neutron changes to a proton with the emission of an electron and an anti- 
neutrino or in which a proton changes to a neutron with the emission of a 
positron and a neutrino. Thus a beta decay involves unit change of atomic 
number but no change of mass number. It is a form of weak interaction. 

ES uter An unstable nucleus that emits electrons as a result of a beta 

y. 
beta-iron An allotropic (see allotropy) form of pure iron, stable between 
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145°C., used in the 


be through which a liquid is flowing, 
and kinetic energy is constant. 


BETA PARTICLE 


768°C. and 910*C.; it is similar to alpha-iron except that it is non-mag- 
netic. 

beta particle An electron or positron emitted by a radioactive nucleus. See beta 
decay. 

beta radiation A stream of beta particles; they usually possess greater pene- 
trating power than alpha particles and are emitted with velocities in some 
cases exceeding 98% of the speed of light. 

betatron A cyclic accelerator for accelerating a continuous beam of electrons 
to high speeds by means of the electric field produced by a changing mag- 
netic flux. The electrons move in stable circular orbits in an evacuated 
torus-shaped chamber. By allowing the fast electrons to strike a metal tar- 
get a continuous source of gamma rays with energies up to 300 MeV can 
be produced. 

BeV See GeV. 

bevatron The synchrotron at the Berkeley campus of California University for 
accelerating protons and other particles to very high energies (up to 6 
gigaelectron volts ). 

BHC See benzene hexachloride. 

BHT See Jonol. 


bi- 1. Prefix denoting two, e.g. binomial. 2. Prefix formerly used in chemical 
nomenclature to indicate an acid salt of a dibasic acid. See bicarbonate. 

bicarbonate An acid salt of carbonic acid, H5 CO3; carbonic acid in which half 
the acidic hydrogen has been replaced by a metal. E.g. sodium bicarbonate, 
NaHCO 3. However the use of *bi- as a prefix in such compounds has now 
been abandoned and the correct name for this substance is sodium 
hydrogencarbonate. 

biconcave Denoting a /ens that is concave on both sides. See Fig. 24 under 
lens. 

biconvex Denoting a /ens that is convex on both sides. See Fig. 24 under /ens. 

big-bang theory See superdense theory. 

bile An alkaline secretion of the liver of vertebrates important in the diges- 
tion of fats. It consists of cholesterol, bile salts (salts of cholic acid), and 
bile pigment (degradation products of haemoglobin ). 

billion One thousand million, 10°. Formerly, in the UK one billion meant 
1077, but this usage has now almost entirely given way to the US usage, 
10*. 

bimetallic strip A strip composed of two different metals welded together in 
such a way that a rise of temperature will cause it to buckle as a result of 
unequal expansion. Used in rhermostats. 

bimorph cell Two plates of piezoelectric material joined together so that they 
bend in proportion to an applied voltage. 

binary cell An element in a computer that can store information by virtue of 
its ability to remain stable in one of two possible states. 

binary compound" A chemical compound of two elements only. The traditional 
names for these compounds are denoted by the suffix -ide; e.g. calcium 
carbide, CaC. E 

binary notation Binary number system. A system of numbers that has only 
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Decimal system Binary system 
0001 
0010 
0011 | 
0100 
0101 
0110 
0111 
1000 
1001 
1010 


two different digits, usually 0 and 1. There are several ways of representing 
numbers in the binary notation; one common method is given in the table. 
Because it has only two digits, which can be represented by an electric 
current switched on or switched off, this notation is used in computers. 

binary stars Two stars gravitationally attracted to each other, so that they 
revolve around their common centre of gravity, thus forming a double star. 

binding energy (phys.) The energy that must be supplied to a nucleus in order 
to cause it to decompose into its constituent neutrons and protons. The 
binding energy of a neutron or a proton is the energy required to remove a 
neutron or a proton from a nucleus. 

binocular Any optical instrument designed for the simultaneous use of both 
eyes; e.g. binocular field-glasses. 

binomial A mathematical expression consisting of the sum or di 
two terms; e.g. a? — 3b. 

binomial nomenclature (bio) The me 
duced by Linnaeus (Carl Linné; 
Every plant or animal has two Latin t 
genus, and a specific name indicating the species; 

binomial theorem The expansion of 

(x yl =x" + nx^7 ly + n(n — 1)x0-2y2/21 Pty 
n being a positive integer. In general for m not a positive integer, the 
following expression is valid if the numerical value of x is less than unity: 
(1 4 x)" 9 b nx  n(n - 1)x?/2! + ...t0 co. 


biochemical oxygen demand See BOD. 


biochemistry The chemistry of living matter. 

biodegradation The chemical degradation by biological influences of substances 
introduced into the environment. Substances that are biodegradable, such 
as sewage, cause no permenent damage if correctly treated. However, sub- 
stances that are nonbiodegradable, such as some insecticides and some 
heavy metals, can cause serious problems by accumulating in the environ- 


ment. 
biogenesis The biologi 


Qo o0 -10 t d£ t)-— 


fference of 


thod of naming plants and animals intro- 
1707-78) in the mid-eighteenth century. 
names: a generic name designating its 
e.g. Felis tigris, the tiger. 


cal doctrine that only life begets life, as opposed to the 
unsubstantiated theory that animate matter may still be spontaneously gen- 
erated from inanimate matter. See abiogenesis. 
biological control The control of a pest by means of a biological techni 
: edi ue 
rather than a chemical pesticide. E.g. breeding a pest-resistant "P 


43 


BIOLOGY 


reducing the population of an insect pest by introducing large numbers of 
sterile males into the population. 

biology The science of life, the main branches of which are botany and zool- 
ogy. Other branches include cytology, histology, morphology, physiology, 
embryology, ecology, genetics, and microbiology. Related subjects are bio- 
chemistry, biophysics, and biometry. 

bioluminescence A form of luminescence occurring in living creatures, such as 
fire flies, glow worms, etc. The light is emitted when the substance luciferin 
is oxidized in the presence of the enzyme luciferase. 

biomass The mass of living matter in a population of particular organisms in 
a particular area. 

biometry The application of mathematical and statistical methods to the study 
of biology. 

biophysics The application of physics to the study of biology. 

biopoiesis The evolution of living matter from self-replicating but nonliving 
molecules. This is the process by which life on Earth is believed to have 
evolved. 

biosphere See ecosphere. 

biosynthesis The synthesis of chemical compounds by living organisms. 

biotin Cj 9H,503N2S. A crystalline substance, m.p. 230°C.; a vitamin of the 
B complex, also known as vitamin H, widely distributed in nearly all living 
cells in very small quantities. It is a coenzyme needed in the incorporation 
of carbon dioxide into various compounds. 

biotype A group of individual organisms having the same genetic characteris- 
tics. 

biphenyl Diphenyl. CsH;C,Hs. An insoluble colourless powder, m.p. 70°C., 
used in organic synthesis and in the manufacture of dyes. 

biphenyl-4,4'-diamine Benzidine. NH; C; H4 C; H4NH;. An aromatic base, m.p. 
128°C., of importance in the dyestuff industry. 

biprism An optical device for obtaining interference fringes; it consists of two 
acute-angled prisms placed base to base. 

birefringence See double refraction. 


Birkeland and Eyde process A process for the fixation of atmospheric nitrogen 
(see fixation of nitrogen). Nitrogen and oxygen from the atmosphere are 
made to combine to form nitrogen oxides by the action of an electric arc. It 
is still sometimes used where plentiful hydroelectricity is available, but is 
becoming obsolete. Named after Kristian Birkland (1867—1917) and Samuel 
Eyde (1866— 1940). 
bisection Division into two equal parts. 
bisector A straight line that divides another line or angle into two equal 
‘ parts. 
bismuth Bi. Element. R.a.m. 208.98. At. No. 83. A white crystalline metal 
with a reddish tinge, r.d. 9.7, m.p. 271°C, b.p. 1560°C. It is a brittle, 
rather poor conductor of heat and electricity, that expands on solidifying. It 
occurs as the metal, or as the oxide, Bi;O; and is extracted by roasting the 
ore and heating with coal. It is used in alloys of low melting point (see 
Rose's metal, Wood's metal ),.catalysts, and nuclear reactors; compounds are 
used in medicine. 
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bismuth(III) chloride oxide Bismuth oxychloride. BiOCl. A white crystalline 
insoluble powder, used in the manufacture of pigments and artificial pearls. 

bismuth nitrate Bi(NO;),.5H5O. A colourless deliquescent crystalline substance 
that, with a large excess of water, forms bismuth(III) nitrate oxide, 
BiONO;.H30, a crystalline substance, m.p. 105°C., used in medicine. 

bit A unit of information in information theory. The amount of information 
required to specify one of two alternatives, e.g. to distinguish between 1 
and 0 in the binary notation as used in computers. It is also used as a unit 
of capacity in a store. See also byte, character, and word. 

bittern (chem.) The mother-liquor remaining after the crystallization of com- 
mon salt, NaCl, from sea-water. It is a source of compounds of magnesium, 
bromine, and iodine. 

bitumen Various mixtures of Aydrocarbons, more particularly solid or tarry 
mixtures, soluble in carbon disulphide. 

bituminous Containing, or yielding upon distillation, bitumen or tar. 

biuret Carbamoylurea. NH5CONH.CONH;.H;O. An insoluble crystalline sub- 
stance formed from urea. See biuret reaction. 

biuret reaction A chemical reaction in which an alkaline solution of biuret gives 


r on the addition of 1% copper(II) sulphate solution in the 


a purple colou 
s a biochemical test for protein and 


presence of peptide bonds. It is used a: 
urea. 
bivalent Divalent. Having a valence of two. 
black ash Impure sodium carbonate obtained in the Leblanc process. 
black body A hypothetical body that has an absorptance and an emissivity of 
1, ie. absorbs all the radiation falling on it. No such body can exist, but a 
small hole in a furnace wall approaches it. 
black body radiation Full or complete radiation; radiation of all frequencies 
that would be emitted by a black body, which absorbs all radiations falling 
upon it. As the absorptance of a black body is one, the radiation that it 
emits is a function of temperature only. See Stefan's Law. 
blackdamp Carbon dioxide (in coal mines). i 
black hole A hypothetical region of space possessing a gravitational [ field so 
intense that no matter or radiation can escape from it. Such regions are 
believed to form when a star collapses, having used up all its nuclear fuel. 
Smaller stars create supernova explosions when they die, leaving neutron 
stars: it is the more massive stars that are believed to create black holes. 
The boundary of the black hole is thought to be a sphere (called the 
event horizon) with a radius (called the Schwartzchild radius) 2GM/c?, 
where M is the mass of the region, G is the gravitational constant, and c is 
the velocity of light. 
holes is that, being unable to emit or 


The problem of detecting black 
reflect radiation, they are invisible. However, it is thought that some X-ray 
black hole. 


binary stars exist in which one member of the pair is a 
placklead Plumbago, graphite. A natural crystalline form of. carbon. A soft 
grey-black solid; used for making vessels to resist high temperatures, in 
pencils, and as a lubricant. P i 
blanc fixe Artificial bari Iphate, BaSO;. It is used : 
paint industry. fc, quu ae e Ras an-exténder in the 
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blanket (phys.) A layer of fertile material surrounding the core of a nuclear 
reactor to act as a reflector, or for the purpose of breeding new fuel. See 
breeder reactor. 

blast furnace A furnace for the smelting of iron from iron oxide ores. It is 
constructed of refractory bricks covered with steel plates and charged from 
above with a mixture of the ore, limestone (CaCO3), and coke. The coke is 
ignited at the bottom of the furnace by a blast of hot air; the carbon 
monoxide so produced reduces the iron oxide to iron, while the heat of the 
action decomposes the limestone into carbon dioxide and lime, CaO. The 
overall reaction is: 

Fe,;0, + CaCO; + 2CO + 2H, — 3Fe + CaO + 3CO, + 2H)0. 
The lime combines with the sand and other impurities in the ore to form a 
molten s/ag. The molten iron and the slag are tapped off at the bottom of 
the furnace, The resulting pig-iron or cast iron contains up to 4.5% carbon. 

blasting gelatin Jelly-like mixture of gun-cotton with nitroglycerin. A very pow- 
erful explosive. 

blastula A hollow ball of cells that forms in the very early embryonic devel- 
opment of animals. 


bleaching Removing the colour from coloured materials by chemically chang- 
ing the dyestuffs into, colourless substances. Bleaching powder and other 
oxidizing agents, or sulphur dioxide and other reducing agents are often 
used. 

bleaching powder Chloride of lime. A whitish powder, consisting mainly of 
calcium chlorate(I), CaOCb, (formerly called calcium oxychloride) with 
water; prepared by the action of chlorine on calcium hydroxide, Ca(OH);. 
The action of dilute acids liberates chlorine, which acts as an oxidizing 
agent and so bleaches the material. 

blende Natural zinc sulphide, ZnS. 


blink microscope Blink comparator. An instrument for examining photographs 
of the sky taken in rapid succession to each other. Minor planets and stars 
with large proper motions, or rapid changes of luminosity, are thereby made 
conspicuous. 

blood A liquid that circulates throughout the body of the higher animals, 
transporting oxygen, hormones, and cell foods to all the component cells of 
the body, and removing their excretions. Blood consists of a liquid, blood 
plasma, in which blood cells are suspended. The average human male has 
about 11 pints (6.2 litres) of blood in his body. 

blood cells Blood corpuscles, haemocytes. There are three types of blood cell: 
red corpuscles (erythrocytes ), white corpuscles (leucocytes ), and blood plate- 
lets (thrombocytes). The function of the red corpuscles is to transport oxy- 
gen throughout the body, by way of the haemoglobin that they contain. The 
function of the white cells is to combat infection. 

blood plasma Blood from which all blood cells have been removed. Plasma is 
90% water, in which the principal solutes are proteins, salts, sugar, and urea. 
Hormones, vitamins, and excretions are also present in the plasma. 

blood platelets Thrombocytes. Small membrane-bounded coin-shaped particles 
that circulate in the blood. If a blood vessel should break, the platelets 
clump together to form a plug to stop the bleeding. Platelets contain sub- 
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stantial quantities of ATP, and it is the diphosphate that causes the agglu- 
tination. Human blood contains about 250 000 platelets per cubic millime- 
tre. 

blown oil A thickened oi! made by blowing air through a natural vegetable or 
animal oil. 

blowpipe A device for producing a jet of flame by forcing a flammable gas 
mixed with air or oxygen through a nozzle at high pressure. 


bluestone See blue vitriol. 

blue vitriol Bluestone. Crystalline copper(II) sulphate — pentahydrate, 
CuSO,.5H;O. Used for copper plating and in solution for spraying plants. 

board of trade unit B.O.T. unit. A former name for the kilowatt-hour. The 
energy obtained when a power of 1 kilowatt is maintained for 1 hour. 


boart See bort. 

BOD Biochemical (or biological) oxygen demand. A measure of the content 
of organic matter in water and wastes. It is the amount of oxygen (mg of 
Oper cubic decimetre of water) when a sample containing a known mass 
of oxygen in solution is kept at 20*C. for five days. The oxygen is con- 
sumed by microorganisms that feed on the organic matter in the sample. 


BODY-CENTRED FACE-CENTRED 
CUBIC CRYSTAL CUBIC CRYSTAL 
Figure 4. 


stal in which there is a /attice point at the centre 
of the body of the crystal as well as at the corners. It is said to be 'face- 
centred’ when there is a lattice point at the centre of each face. See Fig. 4. 

bog iron ore An impure form of hydrated iron(II) oxide, Fe;O3.xH5O, found 
in bogs and marshes. 

Bohr theory A theory of the atom put forward by Niels Bohr (1885—1962) to 
explain the line spectrum observed for hydrogen (see Balmer series). It is 
based on three postulates: 1. The electrons rotate in certain orbits round the 
nucleus of the atom without radiating energy in the form of electromagnetic 
Waves. 2. These orbits are such that the angular momentum of the electron 
about the nucleus is an integral multiple of h/27, where h = the Planck 
constant, 3, Emission or absorption of radiation occurs when an electron 


47 


body-centred Denoting a cry: 


i WEE» + 


BOILED OIL 


jumps from one of these so-called stationary states of energy Eto another 
of energy Ez, the frequency, v, of the emitted (or absorbed) light being 
given by E, — E; = hv. If E, is greater than E», light is emitted; con- 
versely, light is absorbed. See quantum mechanics. This theory has now 
been superseded by the application of wave mechanics, which has shown 
that for the hydrogen atom spectrum, Bohr's theory is a very good approxi- 
mation. Wave mechanics has the advantage of requiring no ad hoc assump- 
tions and can deal more effectively with the problem of atoms with two or 
more electrons. (See also-atom, structure of.) 

boiled oil Linseed oil boiled with, or containing, a drying agent, such as lead 
(II) oxide (lead monoxide), PbO. It is mainly used in paints. 

boiling Ebullition. The state of a liquid at its boiling point when the equilib- 
rium vapour pressure of the liquid is equal to the external pressure to which 
the liquid is subject, and the liquid is freely converted into vapour. 

boiling point B.p. The temperature at which the equilibrium vapour pressure of 
a liquid is equal to the external pressure; the temperature at which the 
liquid boils freely under that pressure. Boiling points are normally quoted 
for standard atmospheric pressure, i.e. 760 mm of mercury. 

boiling water reactor BWR. A nuclear reactor in which water is used as cool- 
ant and moderator. Steam is thus produced in the reactor under pressure, 
and can be used to drive a turbine. 

bolide A large bright meteor; some of these objects explode on entering the 
Earth's atmosphere. 

bolometer An extremely sensitive instrument for measuring heat radiations. 
Early models consisted of two very thin, blackened platinum gratings, 
forming two arms of a Wheatstone bridge circuit. Radiant heat falling upon 
one of the gratings raises its electrical resistance, thus causing a deflection 
of the needle of a galvanometer in the circuit. More modern instruments 
use semiconductors instead of platinum gratings. 

Boltzmann constant k = R/L = 1.380622 x 10-2? joule per kelvin, where 
R= the gas constant and L= Avogadro constant. Named after 
L. Boltzmann (1844— 1906). 

bomb calorimeter A strong metal vessel used for measuring heats of reaction, 
especially heats of combustion; e.g. for determining the calorific value of a 
Juel. To do this, a known mass of the substance under test is burnt in the 
vessel, and by measuring the quantity of heat produced, the calorific value 
is calculated. 

bond See valence. 

bond energy The energy characterizing a chemical bond between two atoms. It 
is measured by the energy required to separate the two atoms. 

bond length The distance between the nuclei of two atoms joined by a chemi- 
cal bond. ’ 

bone ash Ash obtained by heating bones in air. It consists mainly of calcium 
phosphate(V), Ca3(PO4)2- 

bone black See animal charcoal. 

bone char See animal charcoal. m Sd 

bone oil Dippel's oil. A product obtained’ by the destructive distillation of 
bones. It is a dark oily evil-smelling liquid used as a source of pyridine. 
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Boolean algebra A branch of symbolic logic used in computers. Logical opera- 
tions are performed by operators, such as ‘and’, ‘or’, ‘not-and’, in a way 
analogous to mathematical signs. Named after George Boole (1815—64). 

booster See rocket. 

boracic acid See boric acid. 

boranes Hydrides of boron, having the general formula B,H, 45; the boron 
analogues of alkanes. Many may be made by the action of acid on magne- 
sium boride (MgB;). 

borate A salt or ester of boric acid. 

borax See disodium tetraborate. 

borax bead test A chemical test for the presence of certain metals. A bead of 
borax fused in a wire loop will react chemically with the salts of a number 
of metals, often producing colours that help to identify the metal; e.g. 
manganese compounds give a violet bead, cobalt a deep blue. 

Bordeaux mixture A mixture of copper(II) sulphate, CuSO4, calcium oxide, 
CaO, and water. Used for spraying plants as a fungicide for plant diseases. 

boric acid Orthoboric acid, boracic acid, trioxoboric(III) acid. H3BO,. A 
white crystalline soluble solid, m.p. 169*C. It occurs naturally in volcanic 
regions and is manufactured from borax. It used as a mild antiseptic, in 
detergents and glazes, and in various other industries. 

boric oxide Boric anhydride. B)O3. An oxide that exists either as a transpar- 
ent crystalline substance, m.p. 460°C., or a transparent amorphous glass. It 
is used in the manufacture of special glasses. 

boride A binary compound with boron. 

borneol Bornyl alcohol. C, 9H, 70H. A white optically active translucent solid, 
m.p. 210.5°C., used in the manufacture of synthetic camphor and in per- 
fumes. 

bornyl ethanoate C, 9H; COOCH;. A colourless liquid, b.p. 223°C., with a 
camphor-like odour. It is used in the manufacture of perfumes and as a 
plasticizer. 

boron B. Element. R.a.m. 10.811. At. No. 5. A brown amorphous powder, r.d. 
2.37, or yellow crystals, r.d. 2.34; m.p. 2300°C, b.p. 2550°C. It occurs as 
borax and boric acid. It is used for hardening steel and for producing 
enamels and glasses. As boron absorbs slow neutrons, it is used in steel 
alloys for making control rods in nuclear reactors. 

boron carbide B4C. A very hard black crystalline substance, m.p. 2450°C., 
used as an abrasive and as a moderator in nuclear reactors. 

boron chamber An ionization chamber lined with boron or boron compounds 
or filled with boron trifluoride gas. It is used in boron counter tubes to 
count s/ow neutrons. 

boron counter tubes A proportional counter tube containing a boron chamber 
used for counting neutrons. The counting pulse results from particles emit- 
ted when neutrons react with the boron-10 isotope. 

borosilicates A group of silicates in which the SiO, units are linked with BO, 
units in a variety of structures. The borosilicates glassés, such as Pyrex*, 
have a smaller plastic range and are resistant to chemical attack. 

bort Boart. Impure or discoloured diamond, useless as a gem, it is as hard as 
Pure diamond and is used for drills, cutting tools, etc. 
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Bosch process An industrial process for the manufacture of hydrogen. Water 
gas, a mixture of carbon monoxide and hydrogen, is mixed with steam and 
passed over a heated catalyst. The steam reacts chemically with the carbon 
monoxide to give carbon dioxide, CO;, and hydrogen. The CO; is then 
removed by dissolving it in water under pressure. Named after C. Bosch 
(1874— 1940). 

Bose-Einstein statistics The branch of statistical mechanics used with systems 
of identical particles having the property that the wave function remains 
unchanged if any two particles are interchanged. See bosons. Named after 
S. N. Bose (1894-1974) and Albert Einstein (1879— 1955). 

bosons Elementary particles, such as photons and mesons, that conform to 
Bose-Einstein statistics; their numbers are not conserved in particle interac- 
tions. Bosons have integral spin (0, 1, 2). Compare fermions. 

botany The scientific study of plants. 

boundary layer The layer of fluid closest to a body over which the fluid is 
flowing; owing to the force of adhesion between the body and the fluid the 
boundary layer has a reduced rate of flow. 

Bourdon gauge A pressure gauge that depends on the tendency of a partly 
flattened curved tube to straighten out when under internal pressure. 

Boyle’s law At a constant temperature, the volume of a given quantity of any 
gas is inversely proportional to the pressure upon the gas; ie 
PV = constant. It is only true for a perfect gas. Named after Robert Boyle 
(1627—91). See also gas laws. 

Bragg's law When a beam of X-rays, of wavelength A, strikes a crystal surface, 
the maximum intensity of the reflected ray occurs when sim 0 = n\/2d. 
Where d is the distance separating the layers of the atoms or ions in the 
crystal, 0 is the complement of the angle of incidence, and n is an integer. 
Named after W. H. Bragg (1862-1942) and W. L. Bragg (1890— 1971). 

brake horsepower The horsepower of an engine measured by the degree of 
resistance offered by a brake; it represents the useful horsepower that the 
engine can develop. 

branched chain A chain of carbon atoms in an organic molecule, in which the 
main chain has one or more branches. 

branching (phys.) The occurrence of more than one radioactive disintegration 
scheme for a particular nuclide. 

brass A large class of alloys, consisting principally of copper and zinc. 

breeder reactor A nuclear reactor that produces the same kind of fissile mate- 
rial as it burns. E.g. a reactor using plutonium as a fuel can produce more 
plutonium than it uses by conversion of uranium-238. 

Bremsstrahlung (German, meaning 'brake radiation") X-rays emitted when a 
charged particle, such as an electron, is rapidly slowed down by an electric 
field, as when an electron strikes a positively charged nucleus; it results 
from the direct conversion of Kinetic energy into electromagnetic radiation. 

brewing The making of beer. Malt is ground and mixed with water. In the 
resulting ‘mash’;’ chemical changes take place, the chief of which is the 
conversion of starch into maltose, forming a sweetish liquid known as wort. 
This is boiled with the addition of hops. After cooling and removal of 
solids, yeast is added and fermentation occurs. 
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Brewster's law The tangent of the angle of polarization is numerically equal to 
the refractive index of the reflecting medium when the polarization is a 
maximum. Named after David Brewster (1781— 1868). 

brimstone Sulphur fused into blocks or rolls. 

Brinell test A test for the hardness of metals. A ball of chrome steel, or other 
hard material, of standard size, is pressed by a heavy load into the surface 
of the metal, and the diameter of the depression is measured. The Brinell 
Number is the ratio of the load in kilograms to the area of the depression 
in square millimetres, Named after J. A. Brinell (1849—1925). 

Britannia metal An alloy of variable composition, containing 805—904 tin, 
with some antimony and copper, and sometimes also zinc and lead. 

British thermal unit The quantity of heat required to raise the temperature of 
1 Ib of water through 1° Fahrenheit; it is now defined as 1055.06 Joules. 

bromate A salt of bromic acid. 

bromic acids Bromic(I) acid, hypobromous acid, BHrO, is a yellow liquid that 
is a weak acid but a strong oxidizing agent. Bromic(V) acid, HBrO;, 
formed by the action of sulphuric acid on barium bromate, is a strong acid 
and is also used as an oxidizing agent. 

bromide A salt of hydrobromic acid, HBr; a binary compound with bromine. 
‘Bromide’ of pharmacy is potassium bromide, KBr. 

bromide paper Photographic paper containing silver bromide, AgBr. 

bromination A reaction in which one or more bromine atoms are substituted 
for hydrogen atoms in an organic molecule. 

bromine Br. Element. R.a.m. 79.909. At. No. 35. A dark red fuming liquid 
with a choking, irritating smell, r.d. 3.12, m.p. —7.2°C., b.p. 58.8°C. It 
Occurs as magnesium bromide, MgBr>, in bittern from sea-water, in the 
Stassfurt deposits, in marine plants and animals, and in some inland lakes. 
It is used as a disinfectant and in the manufacture of some organic com- 
pounds. Compounds are used in photography and medicine. 

bromoform See tribromomethane. 

bronze 1. A class of alloys of copper and tin. 2. A copper alloy containing no 
tin, e.g. aluminium bronze is an alloy of copper and aluminium. 

Brownian movement Erratic random movements performed by microscopic 
particles in a disperse phase; e.g. particles in suspension in a /iquid, or 
smoke particles in air. It is caused by the continuous irregular bombard- 
ment of the particles by the molecules of the surrounding medium. Named 
after Robert Brown (1773-1858). 

brucite A mineral consisting of magnesium hydroxide. 

brush discharge An electric discharge from sharp points on a conductor. The 
surface density (i.e. quantity of electric charge per unit area) is greatest at 
sharp points; the high charge at such points causes a displacement of the 
charge on the air particles near the points, and hence an attraction to the 
points. On reaching the points, the particles acquire some of the charge on 
the points and are repelled. This causes a stream of charged air particles to 
leave the vicinity of the points. 

bubble chamber An instrument for making the tracks of ionizing particles 
visible as a row of bubbles in a liquid. The liquid is heated to slightly 
above its boiling point and maintained under pressure to prevent boiling. 
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Immediately before the passage of the particles the pressure is reduced, the 
ionized particles then act as centres for the formation of small vapour bub- 
bles, which can be photographed to give a record of the tracks of the 
particles. 

Büchner funnel A funnel, usually of porcelain, with a flat circular base perfo- 
rated with small holes. It is used for filtering by suction. Named after 
E. Büchner (1860-1917). 

buffer solution A solution the hydrogen ion concentration of which, and hence 
the acidity or alkalinity, is practically unchanged by dilution. It also resists 
a change of pH on the addition of acid or alkali. 

bulk density The density of a powder or of a porous or granular substance, 
calculated for unit volume of the substance including the pores or spaces 
between the grains; it is generally less than the true density of the material. 

bulk modulus Elastic modulus applied to a body having uniform stress distrib- 
uted over the whole of its surface. Its value is given by the expression pV/v 
where p — intensity of stress, V — original volume of the body, and v — 
change in volume. 

Bunsen burner A gas burner used in laboratories. It consists of a metal tube 
with an adjustable air-valve for burning a mixture of gas and air. Named 
after R. W. Bunsen (1811—99). 

Bunsen cell A primary cell in which the anode consists of zinc and is 
immersed in dilute sulphuric acid, and the cathode consists of carbon 
immersed in concentrated nitric acid. It gives an E.M.F. of 1.9 volts, 

buoyancy The upward thrust exerted upon a body immersed in a fluid; it is 
equal to the weight of the fluid displaced. (See Archimedes’ principle ). Thus 
a body weighs less when weighed in water, the apparent loss in weight 
being equal to the weight of the water displaced. For accurate weighing of 
bodies in air, a small allowance has to be made to correct for the buoy- 
ancy of the body. 

burette A graduated glass tube with a tap, for measuring the volume of liquid 
run out from it. It is used for titration in volumetric analysis. 

burning See combustion. 

burnt alum A white porous mass of anhydrous potassium aluminium sulphate, 
K5SO4.Al;(SO4)5, obtained by heating alum. 

butadiene Buta-1,3-diene. CH;:CH.CH:CH;. A gas used in the manufacture 
of synthetic rubbers. See styrene-butadiene rubber, nitrile rubber, and stereo- 
regular rubbers. 

butanal Butyraldehyde. CH4(CH;); CHO. A colourless flammable liquid, b.p. 
75.7°C., used in the plastics and rubber industries. 

butane C4H,o. A hydrocarbon of the alkane series. A gas at ordinary tempera- 
tures, b.p. —0.5*C, it is used in the manufacture of synthetic rubber and as 
a fuel (e.g. in cylinders under pressure under the trade name Butagas*). It 
is isomeric with 2-methylpropane, CH;CH(CH;)CH,;, which was formerly 
called isobutane. 

butanedioic acid Succinic acid. (CH;COOH). A white crystalline organic 
dibasic acid, m.p. 185*C., used in the manufacture of dyes, lacquers, etc. 

butanedione Diacetyl. CH3CQCOCH3. A yellow liquid, b.p. 89*C., that 
occurs in butter, and is used as a flavour. 
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butanoic acid. Butyric acid. CH; COOH. A liquid with a rancid odour, b.p. 
163.5*C., which occurs in rancid butter. It is used in the form of its esters 
as a flavouring. 

butanol Butyl alcohol. C4 H9 OH. A liquid that exists in two isomeric forms. 
Butan-1-ol, CH;CH,CH,CH,OH, has a b.p. 117.5°C. and is used as a 
solvent. 

butanone Ethyl methyl ketone. C,H;COCH;. A flammable liquid, b.p. 
79.6°C., used as a solvent and in the manufacture of plastics. 

butenedioic acid HOOCCH:CHCOOH. Two compounds that exhibit cis-trans 
isomerism (see illustration at this entry). The cis form, maleic acid, converts 
to the more stable trans form, fumaric acid, at 120°C. The cis form can 
eliminate water on heating to form maleic anhydride. Maleic acid is used 
in the manufacture of synthetic resins and dyes and as a preservative. 
Fumaric acid is used in making baking powders. 

butenoic acid See crotonic acid. 

butter of antimony Antimony(III) chloride, antimony trichloride. SbCl}. A 
white crystalline substance, m.p. 73°C. 

butyl The univalent alkyl radical C4Hs —. 

butyl rubber A synthetic rubber; a copolymer (see polymerization) of 2- 
methylpropene (iso-butylene) and sufficient methylbuta-1,3-diene (isoprene ) 
(256—356) to enable vulcanization to be effected. Owing to its low permea- 
bility to gases, butyl rubber is used in the manufacture of tyre inner tubes. 

butyryl The univalent radical CH3(CH);CO-. 

bypass capacitor Bypass condenser. A capacitor that provides a path of low 
impedance over a certain range of frequencies. 

by-product A substance obtained incidentally during the manufacture of some 
aoe substance. It may be as important as the manufactured substance 
itself. 

byte A single unit of information handled by a computer; usually 8 bits. 
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cacodyl The former name for the dimethylarsino group, (CH3) As—, derived 
from arsine. 

cadmium Cd. Element. R.a.m. 112.40. At. No. 48. A soft silvery-white metal; 
r.d. 8.642, m.p. 320.9°C., b.p. 765*C. It occurs together with zinc and is 
used in the manufacture of fusible alloys and for electroplating. As cadmium 
is a good absorber of neutrons it is used in the manufacture of control rods 
for nuclear reactors. 

cadmium cell Standard primary cell. See Weston cell. 


cadmium sulphide CdS. A yellow insoluble powder, used as a pigment, known 
as ‘cadmium yellow’, and in photoconductive cells (see photoelectric cell ). 
In the impure natural form it is known as ‘greenockite’. 
caesium Cesium. Cs. Element. R.a.m. 132.905. At. No. 55. A highly reactive 
Silvery-white metal resembling sodium in its physical and chemical proper- 
ties; r.d. 1.87, m.p. 28,5°C., b.p. 678*C. Compounds are very rare. It is used 
in photoelectric cells and as a catalyst. 
caesum clock A device used in the S7 unit definition of the second. It is 
based on the energy difference between two states of the caesium nucleus 
in a magnetic field. This energy difference corresponds to a frequency of 
9 192 631 770 hertz. A beam of caesium atoms is split into the two compo- 
nents by a non-uniform magnetic field. Nuclei in the lower state are irradi- 
ated in a cavity by radio-frequency radiation at the difference frequency. 
Some are excited to the higher frequency by absorbing this radiation. By 
reanalysing the mixture of atoms and using a feedback System, the r-f 
i iccuracy of 
one part in 10!3, [t thus constitutes an extremely accurate clock. 


caffeine Theine. CHj 0O,N4. A white crystalline purine, m.p. 237°C., that 
occurs in tea-leaves, coffee-beans, and other plant material. It has a power- 
ful action on the heart and is used in medicine, 

calamine 1. A zinc mineral consisting of zinc carbonate, ZnCO;. 2. In US 
usage, a zinc mineral consisting of zinc silicate, ZnjSiO,.H30 (or 


2ZnO.SiO;.H;O). 3. A skin preparation consisting of zinc oxide with Y% of 
iron(III) oxide. . 


calcination Strong heating: 
in air. p 

calcite Calcspar. Natural crystalline calcium carbonate, CaCO}. 

calcium Ca. Element. R.a.m. 40:08, At. No. 20. A soft white metal that tar- 
nishes rapidly in air; r.d. 1.55, m.p. 845°C., b.p. 1484°C. Compounds are 
very abundant, widely distributed, and essential to life. It occurs as calcium 
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carbonate, CaCO; (limestone, marble, and chalk) and calcium sulphate, 
CaSO, (gypsum, anhydrite); it is an essential constituent of bones and 
teeth. Compounds are of great industrial importance; e.g. /ime. 

calcium carbonate CaCO3. A white insoluble solid; it occurs naturally as 
chalk, limestone, marble, and calcite. It is used in the manufacture of /ime 
and cement. See also Solvay process. 

calcium chloride CaCl). A white deliquescent substance, m.p. 772°C., obtained 
by reacting calcium carbonate with hydrochloric acid. It is used as a drying 
agent, refrigerant, and preservative. 

calcium cyanamide Cyanamide, nitrolime. CaCN5. A black crystalline powder 
made by heating calcium dicarbide, CaC;, in nitrogen at 1000*C. It is used 
as a fertilizer and converted by water in the soil into ammonia. 

calcium cyclamate (C; H;  NHSO4); Ca.2H5O. A white crystalline soluble pow- 
der, formerly used as a sweetening agent in soft drinks, but its excessive 
consumption has been shown to be undesirable and it has therefore been 
banned. 

calcium dicarbide Carbide. CaC,. A greyish solid, colourless when pure; it is 
prepared by heating calcium oxide with carbon in an electric furnace. It 
reacts with water to give ethyne. 

calcium fluoride See fluorspar. 

calcium hydroxide Slaked lime. Ca(OH). A white crystalline powder, 
obtained by the action of water on calcium oxide, used in mortars, plaster, 
and cement. 

calcium nitrate Ca(NO;);. A white deliquescent solid, m.p. 561°C., used in the 
manufacture of fertilizers, fireworks, matches, and explosives. 

calcium oxide Quicklime. CaO. A white solid, m.p. 2580°C., made by heating 
calcium carbonate (limestone ) in lime-kilns. It combines with water to form 
calcium hydroxide (slaked lime); it is used in cements and mortars and in 
the manufacture of calcium compounds. 

calcium phosphate There are several phosphates of calcium that occur in rocks 
and animal bones. Calcium phosphate(V), formerly called tricalcium 
diorthophosphate, Ca3(PO4);, is a white amorphous powder, m.p. 1670°C. 
(see bone ash). It is converted to the more soluble calcium dihydrogen 
phosphate(V), Ca(H5 PO4);.H5O, a deliquescent crystalline substance, which 
is the main constituent of superphosphate. See also octacalcium phosphate. 

calcium silicates A range of compounds, including native minerals, composed 
of calcium oxide (CaO) and silica (SiO) in various molecular ratios; e.g. 
calcium metasilicate, CaSiO;, and calcium orthosilicate, Ca? SiO4. Various 
calcium silicate phases are formed in glass and cement during the manufac- 
ture of these materials. See silicates. 

calcium sulphate CaSO,. A white sa/r that is slightly soluble in water. It 
exists in a number of crystalline forms, including anhydrite (CaSO4) and 
gypsum (CaSO,.2H;O). The latter is converted to plaster of Paris (calcium 
sulphate hemihydrate) on heating. 

calcium sulphide CaS. A colourless crystalline substance, having an odour of 
bad eggs, used in the manufacture of luminous paints and in cosmetics. 

calculus A powerful method of solving numerous mathematical problems. It is 
divided into two main parts, differential calculus and integral calculus. 
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calibration The graduation of an instrument to enable measurements in defi- 
nite units to be made with it; thus the arbitrary scale of a galvanometer 
may be calibrated in amperes, thereby converting the instrument into an 
ammeter for measuring electric current. 

caliche Impure natural sodium nitrate NaNO}, found in Chile. 

californium Cf. Transuranic element. At. No. 98. The most stable isotope, cali- 
fornium-251, has a half-life of 800 years. 

callipers Calipers. An instrument for measuring the distance between two 
points, especially on a curved surface; e.g. for measuring the internal and 
external diameters of tubes. 

calomel See mercury(I) chloride. 


calomel electrode A half cell consisting of a mercury electrode covered with 
calomel (mercury(I) chloride) and a solution of mercury in potassium chlo- 
ride. It is used as a standard electrode, its potential being 0.2415 volt at 
25°C. with respect to a hydrogen electrode. 

calorescence Absorption of /ight radiations by a surface, their conversion into 
heat, and the consequent emission of heat radiation. 

calorie Unit of quantity of heat. The quantity of heat required to raise the 
temperature of 1 g of water through 1°C. The 15° calorie is defined as the 
amount of heat required to raise the temperature of 1 g-of water from 
14.5*C. to 15.5°C. This calorie is equal to 4.1855 joules. The International 
Table Calorie is defined as 4.1868 joules. The joule is the SJ unit of heat 
and has largely replaced the calorie. 

calorie, large Kilogram-calorie. 1000 calories. Written Calorie or kcalorie, it is 
still used for quoting energy values of foods but is becoming obsolete. 

calorific value The quantity of heat produced by a given mass of a fuel on 
complete combustion. It is expressed in joules per kilogram (SI units) or 
frequently megajoules per kilogram. Calories are still occasionally used. 
Calorific values are determined by the bomb calorimeter. 

calorimeter An instrument for determining quantities of heat evolved, 
absorbed, or transferred. In its simplest form it consists of an open cylin- 
drical vessel of copper or other substance of known heat capacity. See also 
bomb calorimeter. i 

calx 1. The powdery oxide of a metal formed when an ore or a mineral is 
roasted. 2. Quicklime (see calcium oxide ). 

camera, photographic A device for obtaining photographs or exposing cine- 
matic film, either coloured or black and white. A camera consists essen- 
tially of a light-proof box with a lens at one end and a light-sensitive film 
or plate at the other. An ‘exposure’ is made by opening a ‘shutter’ over the 
lens for a predetermined period during which an image of the object to be 
photographed is thrown upon the light-sensitive film. Focusing is carried 
out by varying the distance of the lens from the film by a suitable device. 
The amount of light that enters the camera, in order to obtain a correctly 
exposed photograph, is determined by the amount of light available (either 
sunlight or artificial light), the ‘speed’ of the film, the aperture of the lens 
(see f number), and the shutter speed. In the simplest cameras the shutter 
speed and aperture are fixed, so that satisfactory photographs can only be 
obtained in bright sunlight. In more expensive cameras the aperture can be 
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controlled by a variable iris and several separate shutter speeds are pro- 
vided. In some modern cameras the iris or the shutter speed is controlled 
by the current from a built-in photoelectric cell (exposure meter ), which 
measures the light available. Thus for a given film and aperture (or shutter 
speed) the camera automatically takes a correctly exposed photograph. In 
cinematic cameras the opening of the shutter is mechanically synchronized 
with the passage of the film through the camera so that, at normal speeds, 
between 16 and 24 frames are exposed every second. See also photography. 

camera, television The part of a television system that converts optical images 
into electrical signals. It consists of an optical /ens system similar to that 
used in a photographic camera, the image from which is projected into a 
‘camera tube’. The camera tube comprises a photosensitive mosaic that is 
scanned by an electron beam housed in an evacuated glass tube. The out- 
put signals of the camera tube are usually pre-amplified within the body of 
the camera. 

camphor CjoH160. A white crystalline solid with a characteristic smell, m.p. 
178°C. It occurs in the camphor tree and is used in the manufacture of 
celluloid and in other industries. 

Canada balsam A yellowish liquid derived from fir trees, with a refractive 
index similar to that of glass. Used for mounting microscopic slides and as 
an adhesive for optical instruments. 

canal rays Positively charged ions produced during an electric discharge in 
gases. They are accelerated to the cathode by the applied potential difference 
and allowed to pass through canals bored in the cathode. 

candela New candle. The S/ unit of luminous intensity. The luminous inten- 
sity, in the perpendicular direction, of a surface of 1/600 000 square metre 
of a black body at the temperature of freezing platinum under a pressure of 
101 325 N m~2. Symbol cd. 

candlepower of a light source, in a given direction, is the /uminous intensity of 
the source in that direction expressed in terms of the candela. Formerly 
expressed in terms of the international candle. 

candle wax The wax used to make candles, it is usually either paraffin wax or 
stearine. 

cane sugar Sucrose, saccharose. Ci5H550;;. A disaccharide obtained from 
the sugar-cane. It is chemically identical with beer sugar. 

canononical form See resonance hybrid. 

Canton’s phosphorus Impure calcium sulphide, CaS, having the property of 
phosphorescence after exposure to light. It is used in luminous paints. 

caoutchouc Raw rubber., 

capacitance Electrical capacity. C. The property of a system of electrical con- 
ductors and insulators that enables it to store electric charge when a poten- 
tial difference exists between the conductors. It is measured by the charge 
that must be communicated to such a system to raise its potential by one 
unit. The SZ unit of capacitance is the farad. 9 

capacitor Electrical condenser. A system of electrical conductors and insulators, 
the principal characteristic of which is its capacitance. The simplest form 
consists of two parallel metal plates separated by a layer of air or some 
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other insulating material, such as mica (see dielectric). The capacitance, C, 
of such a parallel plate capacitor is given by: 
C = Ac/d 

where e is the permittivity, in farad per metre, A the area of plate, and d the 
distance between them. 

capacitor microphone Condenser microphone. A microphone consisting essen- 
tially of an electrical capacitor, one plate of which is fixed and the other 
plate forms the diaphragm upon which the sound waves fall. The vibrations 
of the diaphragm vary the capacitance of the condenser, which in turn 
alters the potential across a high resistance. This varying potential is then 
amplified in the normal way. 

capillary action Capillarity. A general term for phenomena observed in liquids 
due to inter-molecular attraction at the liquid boundary; e.g. the rise or 
depression of liquids in narrow tubes, the formation of films, drops, bub- 
bles, etc. See also surface tension. 

capillary tube A tube of small internal diameter. 

capric acid See decanoic acid. 

. caproic acid See hexanoic acid. 

caprylic acid See octanoic acid. 

capture A process by which an atomic or nuclear system acquires an addi- 
tional particle, e.g. the capture of electrons by ions or of neutrons by nuclei. 
‘Radiative capture’ is a nuclear capture process that results in the emission 
of gamma rays only. 


caramel (chem.) A brown substance of complex composition, formed by the 
action of heat on sugar. 

carat 1. A measure of weight of diamonds and other gems; formerly 3.17 
grains (0.2053 g), now standardized as the international carat, 0.200 g. 2. A 
measure of fineness of gold, expressed as parts of gold in 24 parts of the 


alloy. Thus, 24 carat gold is pure gold, 18 carat gold contains 18 parts in 
24 or has a fineness of 750. 


carbamide See urea. 
carbamoyl The univalent radical NH; CO—. 


carbanion A negative ion containing a carbon atom. It has the structure 
R,C~, where R is an organic group. They occur in some organic reactions 
as intermediates. 

carbene A transient organic group of the type Rz;C:, in which the carbon 
atom has two electrons that do not form bonds. Methylene, H2C:, is the 
simplest example. 

carbide 1. True carbides contain the C4~ ion, e.g. Al,C3, and yield methane 
on hydrolysis. 2. Dicarbides, such as calcium dicarbide, contain the ion 
C;2-. They yield ethyne on hydrolysis. 3. Interstitial carbides are formed 
by transition metals, with the carbon atoms occupying interstices in the 
metal /attice. These are usually hard materials with metallic conductivity. 

carbocyclic compounds A class of organic compounds containing closed rings 
of carbon atoms in their molecules. It includes alicyclic (e.g. cycloalkanes ) 
and aromatic (e.g. benzene ) compounds. 


carbohydrases Enzymes that hydrolyse (see hydrolysis). carbohydrates; e.g. 
amylase, lactase, and maltase. 
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carbohydrates A large group of organic compounds composed of carbon, 
hydrogen, and oxygen only, with the general formula Cx(H5O),. They 
include monosaccharides, disaccharides (both sugars), and polysaccharides 
(starch and cellulose ). Carbohydrates play an essential part in the metabo- 
lism of all living organisms, starch being the principal form in which energy 
is stored and cellulose being the principal structural material of plants. 

carbolic acid See phenol. 

carbon C. Element. R.a.m. 12.011, At. No. 6, m.p. 3550°C, b.p. 4289°C. It 
occurs in several allotropic forms (see allotropy) including diamond (r.d. 
3.51) and graphite (r.d. 2.25); and as amorphous carbon (r.d. 1.8-2.1) in the 
forms of lamp-black, gas carbon, etc. Compounds occur as the metallic car- 
bonates, carbon dioxide in the air, and an enormous number of organic 
compounds. Owing to its valence of four, carbon atoms are able to unite 
with each other to form the very large molecules upon which life is based. 
See carbon cycle (bio.). Animals obtain their energy by the oxidation of 
carbon compounds eaten as food. See also radiocarbon dating. 

carbonado A black, discoloured, or impure variety of diamond, useless as a 
gem but very hard and used for drills, etc. 

carbonate A salt of carbonic acid, HCO}. 

carbonation Treatment with carbon dioxide, usually for the formation of car- 
bonates. 

carbon black A finely divided soot-like form of carbon, produced by pyrolysis 
or by incomplete combustion from carbon-rich materials, such as mineral 
oils, ethyne, or natural gas. It is used mainly as a reinforcing pigment in 
rubber, and also as a black pigment in inks, plastics, etc. 

carbon cycle (bio.) The circulation of carbon (as carbon dioxide) between 
living organisms and the atmosphere. Carbon dioxide is built into complex 
carbon compounds by plants during photosynthesis; animals obtain their car- 
bon atoms by feeding on plants or other animals; during respiration, and 
by decay after death, some of this carbon is returned to the atmosphere in 
the form of carbon dioxide. 

carbon cycle (phys.) A cycle of six consecutive nuclear reactions resulting in 
the formation of a Aelium nucleus from four protons. The carbon nuclei 
with which the cycle starts are reformed at the end and therefore act as a 
catalyst. The energy liberated by the carbon cycle is thought to be the main 
source of energy in a large class of stars. 

carbon dating See radiocarbon dating. 

carbon dioxide Carbonic acid gas. CO;. A colourless gas with a faint tingling 
smell and taste. It occurs in the atmosphere as a result of the oxidation of 
carbon and carbon compounds. Atmospheric carbon dioxide is the source of 
carbon for plants (see photosynthesis and carbon cycle (bio.). It forms a 
solid at —78.5*C. at atmospheric pressure, and is used as a refrigerant in 
this form as dry ice, for the reservation of frozen foods, etc. As carbon 
dioxide gas is heavier than air and does not support combustion, it is used 
in fire extinguishers. 

carbon disulphide Carbon bisulphide. CS}. A colourless flammable liquid, b.p. 
46°C., with a high refractive index. It is made by heating sulphur with 
carbon or with methane at high temperatures. It is used as a solvent in 
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various industrial processes, in manufacture of viscose rayon, and as a pes- 
ticide. 

carbon fibre A material consisting of black silky threads of pure carbon that 
can be made stronger and stiffer than any other material of the same 
weight. Typical fibres are about 7 pm in diameter and have a tensile 
strength of up to 220 000 kg per square cm. They are made by heat-treating 
organic textile fibres in such a way that the side chains are stripped ofT, 
leaving only the carbon backbone. This backbone is subjected to further 
mechanical and heat treatment so that the crystallites are pulled into orien- 
tation along the axis of the fibre. They are used to reinforce a matrix of 
resin, ceramic, or metal with up to 600000 fibres per square centimetre of 
cross-section and in this form make a valuable constructional material 
where strength is required at high temperatures, such as in components for 
jet engines and rockets. 

carbonic acid H;CO;. A very weak acid probably formed in small amounts 
when carbon dioxide dissolves in water. It is never obtained pure as it 
breaks up almost completely into carbon dioxide and water when obtained 
in a chemical reaction. It gives rise to two series of salts, the carbonates 
and Aydrogencarbonates (bicarbonates). 

carbonium ion A positive ion containing a carbon atom. It has the structure 
R3C +, where R is an organic group. They occur in some organic reactions 
as intermediates. 

carbonization See destructive distillation. 

carbon monoxide CO. A colourless, almost odourless gas that is very poison- 
ous when breathed, as it combines with the haemoglobin of the blood to 
form bright red carboxyhaemoglobin. This is chemically stable, and thus 
the haemoglobin is no longer available to Carry oxygen. It burns with a 
bright blue flame to form carbon dioxide. It is formed during the incom- 
plete combustion of coke, charcoal, and other carbonaceous fuels; it occurs 
in in the exhaust fumes of motor engines. It is used in the Mond process 
for nickel and in organic synthesis. 

carbon tetrachloride See retrachloromethane. 

carbonyl The divalent group — CO, characteristic of aldehydes and ketones. 
Inorganic carbonyls are coordination compounds of metals and carbon mon- 
oxide, e.g. nickel carbonyl. 

carbonyl chloride See phosgene. 


carborundum Silicon carbide. SiC. A dark crystalline solid, nearly as hard as 
diamond, used as an abrasive and as a refractory material. Made by heating 
silica, SiO}, with carbon in an electric furnace. 

carboxyl group The univalent group, —COOH, characteristic of the organic 
carboxylic acids. 

carboxylic acids Organic acids containing one or more carboxyl groups in the 
molecule; e.g. ethanoic acid, CH;COOH. They form salts with bases and 
esters with alcohols. In systematic nomenclature they end in -oic. See also 
fatty acid. - 

carburettor A device in the internal-combustion petrol engine for mixing air 
with petrol vapour prior to explosion. 

carcinogen A substance capable of producing cancer (carcinoma). 
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carnallite Natural potassium magnesium chloride, KCI.MgCl,.6H; O, found in 
the Srassfurt deposits. An important source of potassium salts. 

carnosine CyH,4N402. An optically active crystalline dipeptide, m.p. 260°C., 
found in muscle tissue. 


carnotite An ore of uranium consisting of uranium potassium vanadate of 
variable composition. 


Carnot's cycle An ideal reversible cycle of operations for the working sub- 
stance of a heat engine. The four steps in the cycle are: (a) isothermal 
expansion, the substance taking in heat and doing work; (b) adiabatic 
expansion, without heat change, external work done; (c) isothermal com- 
pression, heat given out, work done on the substance by external forces; 
(d) adiabatic compression, no heat change, work done on the substance. 
Named after N. L. S. Carnot (1796-1832). 

Carnot's principle The efficiency of any reversible heat engine depends only on 
the temperature range through which it works and not upon the properties 
of any material substance. If all the heat is taken up at a thermodynamic 
temperature T, and all given out at a thermodynamic temperature 75 (as in 
Carnot's cycle), the efficiency is (Tj — 73)/Tj. 

Caro's acid See sulphuric acids. 


carotene C459 Hsc. A yellow unsaturated hydrocarbon present in carrots and 
butter. It is converted into vitamin A (see vitamins) in the animal organ- 
ism. Carotene acts as a photosynthetic pigment (see photosynthesis ) in plant 
cells that lack chlorophyll. 


carrier (chem.) 1. A substance assisting a chemical reaction by combining with 
part or all of the molecule of one of the reacting substances to form a 
compound that is then easily decomposed again by the other reacting sub- 
stance; the carrier is thus left unchanged. See catalyst. 2. An inactive sub- 
stance used to transport a radioisotope in radioactive tracing. A radioisotope 
is said to be ‘carrier-free’ if it can be used without a carrier. 3. Sometimes 
called carrier gas. The gas used to carry the sample through the column in 
gas chromatography. 

carrier (phys.) Charge carrier. The particles that carry the charge when an 
electric current flows. In a metal they are the free electrons, in a semicon- 
ductor they are electrons or holes. In an electrolyte they are ions, and in a 
gas they are ions and electrons. 

carrier wave A continuous electromagnetic radiation, of constant amplitude and 
frequency, emitted by a radio transmitter. By modulation of the carrier wave, 
oscillating electric currents caused by sounds at the transmitting end are 
conveyed by it to the receiver. 

carron oil A mixture of vegetable oil (olive or cotton-seed) with lime-water. 
Used as an application for burns. 

Cartesian coordinates A system for locating a point, P, in a plane by specify- 
ing its distance from two axes at right angles to each other, which intersect 
at a point O, called the origin. The distance from the horizontal or x-axis 
is called the ordinate of P; the distance-from the y-axis is called the 
abscissa. See Fig. 5. The system may also.be used to locate a point in 
space by using a third, z-axis. Named after R. Descartes (1596— 1650). 
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carvacrol (CH3); CH.C;H3 CH3O0H. A colourless oily /iquid, p 2373*G, 
with a mint-like odour. Used as a disinfectant, and in perfume. 

carvone Carvol. Cj9H;40. An optically active liquid ketone related to the 
terpenes, b.p. 231°C., found in essential oils and used in flavours and per- 
fumes. 

cascade liquefier An apparatus used for liquefying air, oxygen, etc. A gas 
cannot be liquefied until it is brought to a temperature below its critical 
temperature. In the caseade liquefier the critical temperature of the gas is 
reached step by step, using a series of gases having successively lower boil- 
ing points. The first of these, which can be liquefied by compression at 
ordinary temperatures, is allowed to evaporate under reduced pressure; this 
produces a temperature below the critical temperature of the second gas, 
Which can then be liquefied. This is similarly allowed to evaporate, and the 
step is repeated until finally the desired liquefaction is reached. 

cascade process A process used in the separation of isotopes. It consists of a 
series of stages connected so that the separation produced by one stage is 
multiplied in subsequent stages. In a ‘simple cascade’ the enriched fraction 
is fed to the succeeding Stage and the depleted fraction to the preceeding 
stage. 

cascade shower See shower. 


casein The main protein of milk. A pale yellow solid obtained from milk by 
the addition of acid (‘acid casein’), by controlled souring (‘self-soured 
casein’), or by curdling with rennet (‘rennet casein’). It is used in paper- 
coating, paints, adhesives, plastics, and for making artificial textile fibres. 

caseinogen British term for casein before precipitation. The American terms 
are casein before precipitation, and paracasein after. 

Cassegranian telescope A form of astronomical reflecting telescope in which a 
hole in tke cenire of the primary mirror allows the light to pass through it 
to the eye-piece or the photographic plate. See Fig. 6. 

cassiopeium See /utetium. 


cassiterite SnO;. Natural tin(I V) oxide. It is the principal ore of tin. 
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cast iron Pig-iron. An impure, brittle form of iron, as produced in the b/ast 
furnace. It contains from 2%-4.5% carbon in the form of cementite and 
usually also some manganese, phosphorus, silicon, and sulphur. It may be 
converted into steel or wrought iron. 

castor oil A vegetable oil extracted from the seed of the castor plant, consist- 
ing of glyceryl esters of fatty acids; the predominant acid (about 85%) being 
ricinoleic acid, Cy; H33(OH).COOH. It is used in the paint and varnish 
industry as well as medically as a laxative. 

catabolism Katabolism. The part of metabolism dealing with the chemical 
decomposition of complex substances into simple ones, with a release of 
energy. 

catalase An enzyme that decomposes Aydrogen peroxide. 

catalysis The alteration of the rate at which a chemical reaction proceeds, by 
the introduction of a substance (catalyst) that remains unchanged at the 
end of the reaction. Small quantities of the catalyst are usually sufficient to 
bring the action about or to increase its rate substantially. 

catalyst A substance that alters the rate at which a chemical reaction Occurs, 
but is itself unchanged at the end of the reaction. Catalysts are widely used 
in the chemical industry; metals in a finely divided state, and oxides of 
metals, are frequently used. The enzymes are organic catalysts produced by 
living cells. 

catalytic cracking The use of a catalyst to bring about the cracking of high 
boiling mineral oils. 

cataphoresis See electrophoresis. 

catechol See /,2-dihydroxybenzene. 

catecholamines A group of amines derived from catechol (see /,2-dihydroxy- 
benzene) that includes the Aormones adrenalin and noradrenalin and the 
neurotransmitter dopamine. 

catenary A curve formed by a chain or string hanging from two fixed points, 
Its equation is y = cosh x/k, where k is the distance between the vertex of 
the curve and the origin. 

catenation The process of chain formation in molecules (particülarly carbon 
chains in organic molecules). £ 

catenoid The surface generated by rotating a catenary about its vertical axis. 

cathetometer A ‘telescope mounted on a graduated vertical pillar along which 
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it can move. The instrument is used for measuring lengths and displace- 
ments at a distance of a few feet. 

cathode Negative electrode. Negatively charged conductor in electrolysis and in 
thermionic valves. See discharge in gases. 

cathode-ray oscilloscope CRO. An instrument based upon a cathode-ray tube, 
which provides a visible image of one or more rapidly varying electrical 
quantities. Also used as an indicator in a radar system. 

cathode rays A stream of electrons emitted from the negatively charged elec- 
trode or cathode when an electric discharge takes place in a vacuum tube, 
ie. a tube containing a gas at very low pressure. See discharge in gases. 

cathode-ray tube CRT. A vacuum tube that allows the direct observation of 
the behaviour of cathode rays. It consists essentially of an electron gun 
producing a beam of electrons that, after passing between horizontal and 
vertical deflection plates or coils, falls upon a luminescent screen: the posi- 
tion of the beam can be observed by the luminescence produced upon the 
screen. Electric potentials applied to the deflection plates are used to control | 
the position of the beam, and its movement across the screen, in any 
desired manner. It is used as the picture tube in television receivers and in 
cathode-ray oscilloscopes. 

catholyte The electrolyte near the cathode during electrolysis. 

cation Positively charged ion; an ion that, during electrolysis, is attracted 
towards the negatively charged cathode. 

cationic dyes See basic dyes. 

CAT scanner See tomography. 

causality The relating of causes to the effects that they produce. Many con- 
temporary physicists believe that no coherent causal description can be 
given of events that occur on the sub-atomic scale. 


caustic Corrosive towards organic matter (but not applied to acids). Eg. 
caustic soda, 


x. 


caustic (phys.) Parallel rays of light falling on a concave spherical mirror do 
not form à point image at the focus (see mirrors, spherical ). Instead, there 
is a region of maximum concentration of the rays forming a curve or 
surface of revolution, called a caustic, the apex or cusp of which is at the 
focus of the mirror. A similar caustic occurs in the image formed by a 
convex lens receiving parallel light. Such a curve may be seen on the sur- 
face of a liquid in a cup, formed by the reflection of light upon the curved | 
wall of the cup. 

caustic alkali Sodium or potassium hydroxide. 

caustic potash See potassium hydroxide. 

caustic soda See sodium hydroxide. 


cavitation The formation of cavities in fluids when the pressure drops as a 
result of high velocity, in accordance with Bernouilli’s theorem. These 
vapour-filled cavities collapse when they are carried to regions of higher 
pressure atid the resulting impact pressure can cause pitting of such parts 
as propellers. 


celestial equator (astr.) The circle in which the plane of the Earth’s equator 
meets the celestial sphere. 
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celestial mechanics The branch of astronomy concerned with the motions of 
celestial bodies or systems under the influence of gravitational fields. 

celestial sphere (astr.) The imaginary sphere to the inner surface of which the 
heavenly bodies appear to be attached; the observer is situated at the cen- 
tre of the sphere. See Fig. 2 under azimuth. 

celestine Natural crystalline strontium sulphate, SrSO4, mined as a source of 
strontium. 

cell (bio.). The unit of life. All living organisms are composed of discrete, 
membrane-bounded units, which usually comprise two distinct forms of 
protoplasm: the nucleus and the cytoplasm. The former contains the nucleic 
acids responsible for organizing the synthesis of the cell's enzymes and for 
controlling the characteristics of its progeny, while the latter contains the 
enzyme systems that control the cell’s merabolism and manufacture its con- 
stituents. Many microorganisms (e.g. bacteria, protozoa, etc.) consist of only 
one cell, whereas a man consists of some million million cells. 

cell (phys.) A device for producing an electric current by chemical action, See 
accumulator, primary cell. 

celluloid A thermoplastic material made from cellulose nitrate and camphor. 

cellulose A polysaccharide that occurs widely in nature in fibrous form as the 
structural tissue in the cell walls of plants. Its macromolecules consist of 
long unbranched chains of glucose units. It is obtained from wood pulp, 
cotton, and other plant sources; it is used in the manufacture of paper, 
rayon, plastics, and explosives. 

cellulose ethanoate Cellulose acetate. An ester obtained by the action of etha- 
noic anhydride on cellulose. It is a white solid, used in the manufacture of 
rayon and plastics. 

cellulose nitrate Nitrocellulose. Nitric acid ester of cellulose. A range of com- 
pounds formed by treatment of cellulose with a mixture of nitric and sul- 
Phuric acids; its properties depend on the extent to which the hydroxyl 
groups of the cellulose are esterified (see esterification ). It is used in the 
manufacture of plastics, lacquers, and explosives. 

Celsius temperature Centigrade temperature. Temperature measured on a scale 
originally devised by Anders Celsius (1701—44) in which the melting point 
of ice was 0° and the boiling point of water was 100°. This definition has 
been superseded by the International Practical Temperature Scale of 1968, 
which is expressed in both kelvins and degrees Celsius. The unit for both 
means of expressing temperature is the kelvin, and temperature differences 
may be expressed in kelvins even when using Celsius temperatures. The 
relation between the Kelvin temperature (T) and the Celsius temperature 
(t) is given by: T = t + 273.15. 

celtium See hafnium. 

cement 1. Any bonding material. 2. Portland cement and allied cements are 
made from materials containing lime, alumina, and silica (e.g. limestone and 
clay), which are heated strongly in a kiln to form clinker (consisting 
mainly of calcium silicates and aluminates ). The finely ground clinker 
undergoes complex hydration processes when, mixed with water, setting and 
hardening to a stone-like material. 

cementation 1. An early process for steel manufacture. Bars of wrought iron 
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were heated for several days in charcoal at red heat. 2. Contact precipita- 
tion of a metal from a solution of a compound of that metal by a more 
electropositive metal. 

cementite Iron carbide. Fe;C. A hard, brittle compound that is responsible for 
the brittleness of cast iron and is present in steel. 

centi- Prefix denoting one hundredth of, in metric units. Symbol c, e.g. 
cm = 0.01 metre. 


centigrade temperature See Celsius temperature. 
central processing unit Central processor. See.C.P.U. 


centre of curvature of a lens or spherical mirror The centre of the sphere of 
which the /ens or mirror forms a part. 

centre of gravity The fixed point in a body through which the resultant force 
of gravity always passes, irrespective of the position of the body. This is 
identical to the centre of mass in a uniform gravitational field. 

centre of mass The point at which the mass of a body may be considered to 
be concentrated. The point from which the sum of the moments of inertia 
of all the component particles of a body is zero. 

centrifugal force See centripetal force. 


centrifuge An apparatus for separating particles from a suspension. Balanced 
tubes containing the suspension are attached to the opposite ends of arms 
rotating rapidly about a central point; the suspended particles are forced 
outwards, and collect at the bottoms of the tubes. See also ultracentrifuge. 

centripetal force A force that causes a body to move in a circular path, For 
example, if a body is attached to a string and swung in a horizontal circle, 
there will be a continuous change in the body’s velocity, even though its 
speed may remain unchanged. This change in velocity results from the 
change in the body’s direction; it will create a centripetal acceleration (an 
acceleration towards the centre of the circle) equal to v?/r, where v is the 
body's velocity and r the length of the string. The magnitude of the cen- 
tripetal force, i.e. the tension in the string, is then mv*/r, where m is the 
mass of the body. 

In the case of a satellite orbiting the Earth, the centripetal force is the 
gravitational force between the bodies and therefore: 
GmM/r? = my2/r, 

where G is the gravitational constant and M is the mass of the Earth, Until 
recently it was conventional to assume that the centripetal force was always 
balanced by an equal and opposite force called the centrifugal force. In this 
convention the centrifugal force was said to balance the gravitational force 
when the body is in stable orbit. However, this can cause confusion as the 
centrifugal force is a fictitious force, although in some cases the concept can 
be useful. 


ceramic Pertaining tb products or industries involving the use of clay or other 
silicates. 


cerargyrite See horn silver. 


Cerenkov (Cherenkov) radiaticn Light emitted when charged particles pass 
through a transparent medinm at a speed greater than the speed of light in 
that medium. Named after P. A. Cerenkov (born 1904). 
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ceresin Hard, brittle paraffim wax with a melting point in the range of 
70*—100*C. It is used as a substitute for beeswax in paints and polishes. 

ceric Containing the cerium(IV) ion. -» 

cerium Ce. Element. R.a.m. 140.12. At. No. 58. A steel-grey soft metal; r.d. 
6.7, m.p. 795°C, b.p. 3433°C. It occurs in several rare minerals, e.g. mona- 
zite sand, and is used in pyrophoric alloys for lighter ‘flints’; compounds are 
used in the manufacture of gas mantles and in glass polishing. 

cerium dioxide Ceria. CeO;. A white crystalline powder, m.p. 2600°C., used 
in glass polishing. 

cermet Ceramet. Abbreviation of CER(A)mic and METal. A very hard mix- 
ture of a ceramic substance and sintered metal, used where resistance to 
high temperature, corrosion, and abrasion is required. 

cerous Containing the cerium(III) ion. 

cetane Cj, H34. See hexadecane. 

cetane number A measure of the ignition characteristics of a diesel fuel by 
comparison with a range of mixtures, in which cefane is given a value of 
100 and a-methylnaphthalene is 0. 

cetyl alcohol See hexadecanol. 

c.g.s. system Centimetre-gram-second system. A system of physical units 
derived from the centimetre, gram mass and the second. E.g. velocities in 
c.g.s. units may be measured in centimetres per second. It has been 
replaced for scientific purposes by the SZ units. 

chabasite A natural zeolite, calcium aluminium silicate. See ion exchange. 

chain reaction Any self-sustaining molecular or nuclear reaction, the products 
of which contribute to the propagation of the reaction. In a nuclear fission 
chain reaction one nuclear transformation is capable of initiating a chain of 
similar transformations. For example, when nuclear fission occurs in a ura- 
nium-235 nucleus, between 2 and 3 neutrons are emitted, each of which is 
capable of causing the fission of further uranium-235 nuclei. The chain 
reaction so created is the basis of the atomic bomb (see nuclear weapons ) 
and the nuclear reactor. If the average number of transformations directly 
caused by one transformation is less than one, the reaction is said to be 
convergent or subcritical; if it is equal to one, the reaction is self-sustained 
or critical; if it exceeds one, the reaction is divergent or supercritical. 

chalcedony A variety of natural impure silica, SiO, that has a fibrous struc- 
ture and a waxy lustre. It is used for ornaments. 

chalcocite Copper glance. Natural copper sulphide, Cu;S. It occurs in veins 
with other copper ores. 

chalcogens The elements of group VIA of the periodic table: oxygen, sulphur, 
selenium, tellurium, and polonium. 

chalcopyrite Copper pyrites. A natural sulphide of copper and iron, 
(Cu,Fe)S2; the most abundant ore of copper. 

chalk Natural calcium carbonate, CaCO}, formed from the shells of minute 
marine organisms. Blackboard chalk sticks are calcium sulphate, CaSO,. 

chalones Physiologically active substances produced within tissues that appear 
to control the mitosis of the cells of the specific tissues that produce them. 

chalybeate Chalybite. Natural iron(II) carbonate, FeCO,. 
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change of phase Change of state. The conversion of a substance from one of 
the physical states of matter (solid, liquid, or gas) into another. E.g. the 
melting of ice. 

channel 1. In telecommunications, a path for the transmission of electrical 
signals, often specified by its frequency band. 2. In information theory, à 
path or route along which information may flow or be stored. 3. In a field- 
effect transistor, the region between the source and the drain; its conductivity 
is controlled by the voltage applied to the gare. 

channel capacity The number of signals per second that can be transmitted 
through a channel. Also, in information theory, the hypothetical limiting rate 
at which information could be communicated by a given channel, with the 
frequency of errors tending to zero. 

character A unit of information as handled by computers, usually six bits. 

characteristic (math.) The integral or whole-number part of a logarithm. 

charcoal Various forms of generally impure carbon; it is generally made by 
heating vegetable or animal substances with exclusion of air. Many forms 
are very porous and adsorb various materials readily. See activated carbon. 

charge See electric charge. 

charge carrier See carrier. 


Charles’ law At constant pressure all gases expand by 1/273 of their volume at 
0°C., for each 1°C. rise in temperature; the volume of a fixed mass of gas 
at constant pressure is proportional to the absolute temperature. Named 
after J. A. C. Charles (1746—1823). See -also gas laws. 

charm A property of matter postulated to account for the characteristics of 
the psi particle (discovered in 1974). According to this hypothesis a fourth 
quark (and its antiquark) exists having the Property called charm. The psi 
particle itself is not charmed as it consists only of a charmed quark and its 
antiquark, which give zero charm. However, other charmed hadrons exist 
(see elementary particles). Charm must be conserved in strong interactions 
and electromagnetic interactions but not in weak interactions. 


cheddite Class of explosives containing sodium or potassium chlorate with dini- 
trotoluene and other organic substances. 


CH;-NH; NH;-CH; 
t 
$ Cu 
^ 
CH;-NH; NH;-CH,; 


chelation The formation of a closed ring of atoms by the attachment of com- 
pounds or radicals to a central polyvalent metal ion (occasionally non-metal- 
lic); it is, usually due to the sharing of a /one pair of electrons, from oxygen 
or nitrogen atoms in the compounds or radicals, with the central ion, e.g. 
two molecules of ethane-1,2-diamine (NH, CH,CH)NH3) form a ‘chelate 
ting’ with a copper(II) ion as shown in the diagram. 
Chelating agents are used for ‘locking up’ (sequestering) unwanted metal 
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ions; for instance they are added to shampoos with the object of softening 
the water by locking up iron, calcium, and magnesium ions. When used for 
this purpose they are called sequestering agents. Many tests for identifying 
metal ions depend on the formation of coloured insoluble chelates. Chloro- 
phyll and haemoglobin are naturally occurring chelate compounds in which 
the central ions are magnesium and iron respectively. 

chemical affinity See affinity and free energy. 

chemical bond See valence. 

chemical change A change in a substance involving an alteration in its chemi- 
cal composition, due to an increase, decrease, or rearrangement ‘of atoms 
within its molecules. See equation, chemical; molecule. 

chemical combination, laws of Three laws defining the ways in which chemical 
compounds are formed: 

Law of constant composition. A definite chemical compound always con- 
tains the same elements chemically combined in the same proportions by 
mass. 

Law of multiple proportions. When two elements unite in more than one 
proportion, for a fixed mass of one element there is always a simple rela- 
tionship with the mass of the other element present. 

Law of combining masses (also called the law of reciprocal proportions, 
law of equivalents). Elements combine in the ratio of their combining 
weights or chemical equivalents; or in some simple multiple or sub-multiple 
of that ratio. 

chemical energy That part of the energy stored within an atom or molecule 
that can be released by a chemical reaction. 

chemical engineering The design, operation, and manufacture of plant or 
machinery used in industrial chemical processes. 

chemical equilibrium Many chemical reactions do not go to completion; in 
such cases a state of equilibrium or balance is reached when the original 
substances are reacting at the same rate as the new substances are reacting 
with each other to form the original substances. Thus, if two substances A 
and B react to form C and D, the state at equilibrium is denoted by the 
balanced equation 

ACE BEC D. 
If one of the substances is removed, the system readjusts the equilibrium; 
thus, if C is constantly removed as soon as formed, more A and B react 
until the action is completed. An equilibrium reaction that could thus be 
made to complete itself in either direction is termed a reversible reaction. 
E.g. if steam is passed over red-hot iron, iron oxide and hydrogen are 
formed, the latter being constantly removed by more steam which passes 
through; the reaction thus goes to completion according to the equation 
4H50 + 3Fe = Fe3O, + 4H;. 

If, however, hydrogen is passed over red-hot iron oxide, the reverse action 
takes place: l 

Fe3O4 + 4H; = 4H50 + 3Fe. ; 
If the reaction is allowed to proceed in an enclosed space, a state of equi- 
librium is reached, all four substances being present. See also equilibrium 
constant. s 

chemical equivalents Combining weights. The combining proportions of sub- 
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stances by mass, relative to hydrogen as a standard. The equivalent of an 
element is the number of grams of that element which will combine with or 
replace 1 g of hydrogen or 8 g of oxygen. The gram-equivalent, or equiva- 
lent weight, is the equivalent expressed in grams. The equivalent weight of 
an acid is the mass of the acid containing unit mass of replaceable acidic 
hydrogen. The equivalent weight of a base is the mass of the base required 
to neutralize the equivalent weight of an acid. The combining proportions 
of substances by mass are in the ratio of their equivalents, or in some 
simple multiple or sub-multiple of that ratio. For an element, the relative 
atomic mass is equal to the product of its equivalent and its valence. The 
gram-equivalent as a unit quantity of substance in chemical calculations 
has been replaced in S7 units by the mole. E.g. 1 equivalent of H5SO4 
equals 1 mole of H5 S04. 

chemical reaction The interaction of two or more substances, resulting in 
chemical changes in them. 

chemiluminescence Cold flame. The evolution of light accompanied by some 
heat during a chemical reaction. See luminescence. 

chemisorption See adsorption. 

chemistry The study of the composition of substances, and of their effects 
upon one another. The main branches are inorganic chemistry, organic 
chemistry, and physical chemistry. See also biochemistry. 

chemotherapy The treatment of disease by chemical substances that are toxic 
to the causative microorganisms or directly attack neoplastic growths. 

chemurgy The study of chemical industrial Processes based on organic sub- 
stances of agricultural origin. 

chert A natural form of silica, SiO, Tesembling flint. 

eue. saltpetre Impure sodium nitrate, NaNO3. It occurs in huge deposits in 

le. 

china clay Kaolin. A pure natural form of hydrated aluminium silicate, 
AbSi;O;(OH),. On heating, it loses water and changes its chemical com- 
position. It is used for making porcelain. 

Chinese white Zinc oxide, ZnO. 

chip Silicon chip. A crystal of a silicon semiconductor fabricated to carry out 
a number of electronic functions in an integrated circuit. Each chip is about 
one thousandth of a millimetre in diameter. 

chirality The concept of ‘handedness’ (right- or left-handedness) applied to 
stereoisomerism. A geometrical figure representing the configuration of a 
molecule in space is said to have chirality if it cannot be made to coincide 
with its image in a plane mirror. 

Chiron A minor planet, discovered in 1977 by Charles Kowal, that revolves 
around the Sun between the orbits of Saturn and Uranus. 

chitin A complex organic substance, related to the carbohydrates but contain- 
ing nitrogen. It forms an essential part of the shells of crustaceans and 
insects. It is also found in some fungi. 

chlor(o)acetic acids See chloroethanoic acids. 

chloracne A disfiguring skir? disease that is caused by certain chlorinated 


aromatic hydrocarbons. It-can result from contact, ingestion, or inhalation 
of the chemicals. 
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chloral See rrichloroethanal. 

chloral hydrate See 2,2,2-trichloroethanediol. 

chloranil C; Cl4O;. A yellow insoluble crystalline substance, m.p. 290°C., used 
as a fungicide and in the manufacture of dyes. 

chlorargyrite See horn silver. 

chlorate A salt of a chloric acid. 1t usually refers to salts containing the 
CIO ^, chlorate(V), ion. Other chlorates contain the ions CIO- (chlorate(T) 
or hypochlorite ), CIO ^5 (chlorate(III) or chlorite), or CIO ^4 (chlorate(VII) 
or perchlorate ). 

chloric acids Any of four oxoacids. The most common is chloric(V) acid, 
HCIO}, an unstable liquid prepared by the action of sulphuric acid on 
barium chlorate. It is a strong acid and oxidizing agent. Chloric(I) acid, or 
hypochlorous acid, HOCI, is stable only in solution and is prepared by the 
reaction of chlorine on mercury(I) oxide. It is a weak acid but is used as a 
bleaching agent. Chloric(III) acid, or chlorous acid, HCIO}, is pale yellow 
and known only in solution. It is formed by mixing chlorine dioxide with 
water. It is a weak acid and oxidizing agent. Chloric(VII) acid, or perchlo- 
ric acid, HCIO,, is an unstable liquid that explodes at 90°C. It is a strong 
acid and oxidizing agent. 

chloride A salt of hydrochloric acid, HCl. 

chloride of lime Calcium chlorate(I), CaOCl;. See bleaching powder. 


chlorination 1. The introduction of a chlorine atom into a compound by 
substitution or by an addition reaction. 2. The treatment of drinking water 
with chlorine or a chlorine compound, such as sodium hypochlorite or 
bleaching powder. 

chlorine Cl. Element. R.a.m. 35.453. At. No. 17. A greenish-yellow poisonous 
gas, m.p. —100.98*C., b.p. —34.6°C., with a choking irritating smell. Com- 
pounds occur as common salt (sodium chloride), NaCl, in sea-water and as 
rock salt; and as chlorides of other metals. Manufactured almost entirely by 
the electrolysis of brine. Used in the manufacture of bleaching powder, disin- 
fectants, hydrochloric acid and many organic compounds. Also used as a 
germicide in drinking-water. 

chlorite 1. A salt of chloric(III) or chlorous acid. 2. A group of mineral 
silicates of aluminium, iron, and magnesium. 

chlorobenzene Phenyl chloride. C; HCl. A colourless flammable liquid, b.p. 
132°C., used as a solvent and in the synthesis of drugs. 

2-chlorobuta-1,3-diene Chloroprene. CH5;:CH.CCI:CH5. A colourless liquid, 
b.p. 59.4*C., used in the manufacture of neoprene synthetic rubber. 

chloroethane Ethyl chloride. C;H;CI. A colourless poisonous gas, used as a 
refrigerant and alkylating agent and in the manufacture of lead tetraethyl. 

chloroethanoic acids Chloroacetic acids. Three substituted ethanoic acids. 
Monochloroethanoic acid, CH,CICOOH, is a crystalline solid, m.p. 63°C, 
Dichloroethanoic acid, CHCI, COOH, is a colourless liquid, m.p. 10°C., 
b.p. 192-3*C. Trichloroethanoic acid, CCl,COOH, is a deliquescent solid, 
m.p. 56.3*C. They are all stronger acids than ethanoic acid and are used in 
the manufacture of dyes and as wart removers. 

chloroethene Vinyl chloride. CH?:CHCI. A colourless gas, b.p. —13.9*C., that 
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polymerizes to form polyvinylchloride (PVC). It is used as a refrigerant in 
the unpolymerized form. 

chloroform See trichloromethane. 

chlorohydrins Organic compounds containing a chlorine atom and a hydroxyl 
group attached to adjacent carbon atoms in a hydrocarbon molecule; they 
are formed by addition of chloric(I) acid at the double bond to alkenes. 

chloromethane Methyl chloride. CHCl. A colourless poisonous gas, b.p. 
—24*C., used as a refrigerant and as a methylating agent. 

Chloromycetin* Chloramphenicol. Ci Hi5CE5 N50,. A colourless crystalline 
antibiotic, active against certain bacteria and certain viruses. 

chlorophenol CIC,H,OH. A substituted phenol that exists in three isomeric 
forms. The ortho- form has m.p. 8.7°C. and b.p. 175°C., the meta- form 
has m.p. 32.8°C., and the para-form has m.p. 43°C. All forms are used in 
the manufacture of dyes. 

chlorophyll A green plant pigment, which absorbs energy from sunlight, ena- 
bling the plants to build up carbohydrates from atmospheric carbon dioxide 
and water by photosynthesis. It consists of a mixture of two pigments, chlo- 
rophyll-a (Cs 5 H7; O5 N4Mg) and cholorophyll-b (C55 H;90& N4 Mg). 

chloropicrin See trichloronitromethane. 

chloroplatinic acid Platinum chloride solution. Hp PtCl¢.6H,O. A brown hygro- 
scopic soluble substance, m.p. 60°C., used in platinizing glass and ceramics. 

chloroprene See 2-chlorobuta-1,3-diene. 

chlorous acid See chloric acids. 


choke Choking coil A coil of low resistance and high inductance used in 


electrical circuits to pass direct currents whilst suppressing alternating cur- 
rents. 


choke-damp See after-damp. 


cholesteric crystals Liquid crystals in which the molecules are arranged in 
layers, with their axes parallel and in the planes of the layers. See also 
smectic crystals, nematic crystals. 

cholesterol C27H450H. A white waxy sterol present in the tissues of the 
human body, in which it performs a number of vital functions. Its exces- 
sive production in man is suspected of being a contributory cause of coro- 
nary thrombosis. 

choline OH.C; HyN(CH,);0H. An organic base that is a constituent of some 
fats and of egg yolk. It is a member of the vitamin B complex, 

chondrite A type of stony meteorite (see meteor) that contains the small 
round masses of olivine or pyroxene known as chondrules. 

chord (math.) A straight line joining two points on a curve. See circle. 

chromate A salt of chromic acid. 

chromatic aberration See aberration, chromatic. 

chromatids The two identical strands into which a chromosome splits during 
cell reproduction. 

chromatography A method of chemical analysis in which a mobile phase, 
carrying the mixture to be analysed, is caused to move in contact with a 
selectively absorbent stationary phase. The mobile phase may be a solution 
of a mixture of compounds in a suitably inert solvent or it may be a 
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mixture of compounds in a vapour diluted with an inert carrier gas. The 
stationary phase may be an absorbent (active) solid or a liquid supported 
on an absorbent solid: it is characterized by its ability to retain the compo- 
nents of the mixture to different degrees. During the progress of the mobile 
phase in contact with the stationary phase, the components of the mixture 
become separated and can be identified; in some cases they can be deter- 
mined quantitatively. 

When the mobile phase is a gas and the stationary phase is a liquid on a 
solid support the process is known as ‘gas-liquid chromatography’ (see gas 
chromatography, to which it is often shortened). This is one of the most 
powerful methods of analysis. When the stationary phase is an active solid, 
the process is known as ‘gas-solid chromatography’. 

When the mobile phase is a liquid, it can be applied to a column of the 
active solid (see column chromatography ) or to a thin layer of the solid on a 
plate (see thin-layer chromatography ). Filter paper can also be used as the 
stationary phase (see paper chromatography ). The last two processes provide 
particularly useful methods of chemical investigation. 

chromatron Chromoscope. A type of cathode ray tube that has four screens; 
used as a colour picture-tube in television. 


chrome alum See potassium chromium sulphate. 


chrome iron ore Chrome ironstone, chromite, ferrous chromite. FeO.Cr;O4. A 
source of chromium metal and its compounds. 


chrome red Basic lead chromate, PbO.PbCrO4. Used as a pigment in paints. 
chrome yellow Lead chromate, PbCrO4. Used as a pigment. 


chromic Containing chromium in +3 or +6 oxidation states, e.g. chromic 
oxide, chromium(VI) oxide, CrO3. 

chromic acid H; CrO4. A hypothetical acid known only in solution or in the 
form of its salts, the chromates. 

chromite See chrome iron ore. 

chromium Cr. Element. R.a.m. 51.996. At. No. 24. A hard white metal resem- 
bling iron; r.d. 7.18, m.p. 1857°C., b.p. 2672°C. It occurs as chrome iron 
ore and is extracted by reducing the oxide with aluminium (see Goldschmidt 
process). It is used in the manufacture of stainless steel and for chromium 
plating. 

chromium oxides Four oxides of chromium are known. Chromium(II) oxide, 
CrO, is a black insoluble powder made by oxidizing a chromium amalgam 
with air. Chromium(III) oxide, Cr;O,, is a green insoluble salt made by 
heating the metal in a stream of oxygen. An amphoteric oxide, it is used as 
a pigment. Chromium(IV) oxide, or chromium dioxide, CrO», is an unstable 
black insoluble solid made by heating chromium(VI) oxide at 450*C. under 
pressure. Chromium(VI) oxide, or chromium trioxide, CrO;, is a red crys- 
talline compound made by the action of sulphuric acid on sodium dichro- 
mate. It is a powerful oxidizing agent. 


chromium plating The deposition of a thin resistant film of chrómium metal 
by electrolysis from a bath containing a solution of chromic acid. 


chromium steel Stee/ containing varying amounts of chromium, usually 
8—2595; it is strong and tough, and used for tools, etc. 
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chromophore Any chemical group, such as the azo group, that causes a com- 
pound to have a distinctive colour. 

chromosomes Thread-like bodies that occur in the nuclei of living cells, the 
molecules of which carry the genetic code. They consist of nucleoproteins, the 
nucleic acid being DNA. The unit of genetic information is the gene (see 
also cistron and operon) and each chromosome may be regarded as com- 
prising a number of genes. Chromosomes occur in pairs in somatic cells, 
each species being characterized by the different number of chromosomes 
that its cells contain (man has 46 chromosomes per cell). 

chromosphere The layer of the Sun's atmosphere surrounding the photosphere, 
which is visible during a total eclipse. The chromosphere is several thou- 
sand miles thick and has an estimated temperature of 20000 K. 

chromous Containing chromium in its +2 
ride, chromium(II) chloride, CrCl). 

chromyl The bivalent radical CrO, =, containing chromium in its +6 oxida- 
tion state, e.g. in chromyl chloride, CrO; Ch. 

chronograph An accurate time-recording instrument. 

chronometer An accurate clock, especially one used on a ship in navigation. 

chronon A hypothetical particle of time defined as the ratio of the diameter 


of an electron to the speed of light: i.e. the time taken for light to traverse 
an electron. Approximately 10 ^ ĉ?4second. 


Chronotron* A device that measures the t 
ing the positions on a transmission lin 

chrysotile See serpentine. 

ciment fondu See bauxite cement. 

cinchonidine Cj 9 H5, N; 
a substitute for quinin 
used for this purpose. 

cineole C)gH,g0. A colourless oil 
odour of camphor. It is found in 
and medicine. 

cinnabar Natural mercury(I) sulphide, HgS. A bright red crystalline solid, r.d. 
8.1. It is the Principal ore of mercury. 

cinnamic acid 3-phenylpropenoic acid. CgHsCH:CHCOOH. A white crystal- 
line insoluble substance the cis-form of which has a m.p. 42°C., and the 
trans-form has a m.p. 135°C. Used in perfumes. 

cinnamyl group The univalent group C;H5CH:CH.CH;-, derived from cin- 
namic acid. 

circle (math.) A plane figure contained by a line, called the circumference, 
which is everywhere equidistant from a fixed point within it, called the 
centre. The distance from the centre to the circumference is the radius; a 
straight line joining any two points on the circumference is a chord, a 
chord passing through the centre, equal in length to twice the radius, is a 
diameter; any portion of the circumference is an arc; a portion cut off by 
a chord is a segment; a portion cut off by two radii is a sector. The ratio 
of the circumference to thes diameter, denoted by 7 (‘pi)=3.141 59... 


(approx. 22/7). Length of circumference — 2zr; area — «r?, where 
r — radius. 


oxidation state, e.g. chromous chlo- 


ime between two events, by measur- 
e of pulses initiated by the events. 


O. A white crystalline alkaloid, m.p. 207.2*C., used as 
ne. One of its isomers, cinchonine, m.p. 265°C., is also 


y liquid terpene, b.p. 176.4°C., with an 
certain essential oils and used in perfumes 
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circuit, electrical The complete path traversed by an electric current. 

circularly polarized light Light that can be resolved into two vibrations lying 
in planes at right angles, of equal amplitude and frequency and differing in 
phase by 90°. The electric vector of the wave describes, at any point in the 
path of the wave, a circle about the direction of propagation of the light as 
axis. See also polarization of light. 

circular measure The measurement of angles in radians. 

circular mil A unit of area. The area of a circle whose diameter is 0.001 inch, 
i.e. 0.785 x 10-$ sq in. It was formerly used in measuring the cross-section 
of fine wire. 

circumference See circle. 


H-C-COOH H-C-COOH 
ll ll 
H-C-COOH Maleic acid HOOC-C-H Fumaric acid 


cis-trans isomerism A form of isomerism associated with compounds in which 
functional groups may be differently positioned with respect to a double 
bond, central atom, or ring. Like groups in such compounds may be either 
on the same side of the plane of the double bond, central atom, or ring 
(cis-form) or on opposite sides (trans-form). E.g. maleic acid (cis-butenedioic 
acid) and fumaric acid (trans-butenedioic acid) are respectively cis- and 
trans-forms (see chemical formulae ). See also stereoisomerism. 

cistron The functional unit of genetic information, taking into account the 
distribution of abnormal (mutant) genes among pairs of chromosomes, and 
the way in which an abnormal gene in one chromosome may be compen- 
sated for by a normal gene either in the same chromosome (cis-configura- 
tion) or its pair (trans-configuration). 

citrate A salt or ester of citric acid. 

citric acid C3H5 O(COOH);. A white crystalline soluble organic tribasic acid, 
m.p. 153°C. It has a sour taste, and occurs as the free acid in lemons (6%) 
and other sour fruits. It is used in the preparation of effervescent salts and 
as a food flavouring. 

citric-acid cycle Krebs cycle. A complex cycle of enzyme-controlled biochemi- 
cal reactions, which occur within living cells, as a result of which pyruvic 
acid is broken down into carbon dioxide with the release of energy. The 
Citric-acid cycle is a most important clearing-house of metabolic 
intermediates, since it deals with the final stages of the oxidation of carbo- 
hydrates and fats and is also involved in the synthesis of some amino acids. 

citronellal CgH,7CHO. A colourless liquid aldehyde existing in several iso- 
meric forms, b.p. 205—8°C., with a lemon-like odour. It is used as a 
flavouring and in the manufacture of perfume. 

citronellol C,H, 7CH2OH. A colourless liquid alcohol existing in several iso- 
meric forms, b.p. 110°C., used in the manufacture of perfumes. 

cladding (phys.) The covering of a fuel element in a nuclear reactor by a thin 
layer of another metal, to prevent corrosion by the coolant and the escape 
of fission products. r 

cladistics A method of classifying plants and animals into clades, i.e. groups 
that share a common ancestor. It assumes that a new species arises by 
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splitting off from a common ancestor, rather than by gradual evolution. It 
is controversial and is in some respects opposed to neo-Darwinism. 

Clark cell A primary cell, used as a standard of E.M.F., that gives 1.4328 
volts at 15°C. It consists of a zinc amalgam anode and a mercury cat/tode, 
both immersed in a saturated solution of zinc sulphate. 

classical physics Physics prior to the quantum theory (or in some senses prior 
to the theory of relativity ). 

clathrate compounds Chemical compounds formed not by the action of valence 
bonds, but by *molecular imprisonment', the combined molecules being held 
together mechanically by virtue of their configuration in space. 

Claude process A process for producing liquid air, based on the cooling that 
results from the adiabatic expansion of a gas that is performing external 
work. Air under pressure is divided into two separate channels. The first 
channel leads to a compressor, where the air performs external work by 
driving the compressor. The cool air so produced is used to reduce the 
temperature of the compressed air from the second channel in a counter- 
current heat exchanger. 

clays Finely-divided rock materials whose component minerals are various sili- 
cates, mainly of magnesium and aluminium. 

cleavage The manner of breaking of a crystalline substance, so that more or 
less smooth surfaces are formed. 

clinical thermometer See thermometer, clinical. 

clone A group of organisms that have arisen from a single individual by 
asexual reproduction. All members of the group are genetically identical to 
each other and to the parent organism. Plants Propagated by cuttings are 
clones, as are organisms produced from somatic cells, 

cloud chamber (phys. 
tracks of ionizing 
chamber filled wit! 


cloud Point The temperature at which a homogeneous liquid becomes cloudy or 
turbid, owing to separation into two Phases, when cooled under specified 


Clusius column A device for Separating gaseous isotopes. It consists of a high 
column with a central heated wire. As a result of thermal diffusion the 
lighter isotope collects at the top of the tube. 

cluster (astr.) An aggregation of stars that move together. A globular cluster is 
an aggregation of stars in a roughly spherical arrangement. 

coagulation of proteins When solutions of water-soluble proteins (albumens ) 
are heated, the protein becomes ‘denatured’ at a definite temperature; it 
then becomes insoluble and either remains in Suspension or is precipitated 
as a clot or curd. Other types of proteins, e.g. globulins, may be denatured 
and coagulated by heat, or dy the addition of acids or alkalis. A denatured 


protein cannot be easily reconverted into the original compound (see dena- 
ture ). 
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coal A combustible material, occurring in large underground deposits, consist- 
ing of carbon and various carbon compounds. It formed by the decomposi- 
tion of vegetable matter during periods of many millions of years. The 
main types of coal are: peat, lignite, ordinary or bituminous coal, and 
anthracite. 

coal-gas Fuel gas manufactured by the destructive distillation of coal in closed 
iron retorts. Its composition by volume is usually: hydrogen 50%, methane 
30%, carbon monoxide, 8%, other hydrocarbons 4%, nitrogen, carbon dioxide, 
and oxygen 8%. Widely used as an energy source in the late 19th and first 
half of the 20th century, it has now been largely replaced by natural gas, 
which is much less toxic as it contains no carbon monoxide. 

coal-gas by-products Amongst the valuable substances obtained during the 
manufacture of coal-gas were coke, coal-tar, ammonia, sulphuric acid, and 
pitch. Since coal-gas has now largely been replaced by natural gas, these 
substances are now largely obtained by other means. 

coal-tar A thick black oily /iquid obtained as a by-product of coal-gas manu- 
facture. Distillation and purification yields, amongst other valuable prod- 
ucts: benzene, CgHg; methylbenzene, CgH;CH3; dimethylbenzene, C6H4 
(CH3); phenol, Cg Hs OH; naphthalene, C\gHg; cresol, CH;CgH,OH, and 
anthracene, C,4Hj9. Pitch is left as a residue. 

coaxial Having a common axis. Coaxial cable consists of a central conducting 
wire and a concentric cylindrical conductor, the space between the two 
being filled with a dielectric, such as polythene. The outer conductor is 
normally connected to earth. Its main use is to transmit high-frequency 
power or signals from one place to another with minimum energy loss. 

cobalt Co. Element. R.a.m. 58,9332. At. No. 27. A hard silvery-white mag- 
netic metal resembling iron. R.d. 8.9, m.p. 1480°C., b.p. 2870°C. It occurs 
combined with sulphur and with arsenic and is extracted by converting the 
ore into the oxide and reducing with aluminium, or with carbon in an 
electric furnace. The metal is used in many alloys; compounds are used to 
produce a blue colour in glass and ceramics. 

cobaltic Containing cobalt in its +3 oxidation state, e.g. cobaltic chloride, 
cobalt(III) chloride, CoCl;. 

cobaltous Containing cobalt in its +2 oxidation state, e.g. cobaltous chloride, 
cobalt(II) chloride, CoCl;. 

cobalt steel Sree! containing cobalt (usually 5-129), and often other metals 
such as tungsten, chromium, and vanadium. The addition of cobalt results 
in greater hardness and brittleness, improves the cutting power of high- 
speed-steel tools, and alters the magnetic properties. 

cocaine Cj; H5,O04N. A white crystalline alkaloid that occurs in the coca 
plant, m.p. 98*C. It is used as a local anaesthetic and is a dangerous habit- 
forming drug. 

coccus A globular or spherical-shaped bacterium. 

cochineal A natural red dyestuff obtained from the dried body ol the Coccus 
cacti insect. 

Cockcroft-Walton generator or accelerator A high voltage direct current accel- 
erator used for accelerating nuclear particles (particularly protons). The DC 
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voltage is obtained by multiplying a low AC voltage by an arrangement of 
rectifiers and capacitors. 
codeine C;gH,,03N. A white crystalline alkaloid, m.p. 158°C., obtained by 
methylation of morphine. Used in medicine (often in the form of its phos- 
phate) as an analgesic, hypnotic, and in the treatment of coughs. 
coefficient (math.) A number or other known factor written in front of an 
algebraic expression. E.g. in the expression 3x4, 3 is the coefficient of x^. 


coefficient (phys.) A factor or multiplier that measures some specified prop- 
erty of a given substance, and is constant for that substance under given 
conditions. E.g. coefficient of friction. (See friction, coefficients of ). 


coelostat A device used in conjunction with an astronomical telescope to fol- 
low the path of a celestial body and reflect its light into the telescope. It 
consists essentially of two mirrors, one movable and one fixed. 


coenzyme A non-protein that plays.an essential part in some reactions cat- 


alysed by enzymes, it often acts as a temporary carrier of an intermediate 
product of the reaction. 


coercive force The strength of the magnetic field to which a ferromagnetic 
substance undergoing an hysteresis cycle must be subjected in order to 
reduce the flux density to zero. If the substance is magnetized to saturation 
during the cycle, the coercive force is called the coercivity. See Fig. 21 
under hysteresis cycle. 


Coffey 'still An apparatus for the fractional distillation of solutions of ethanol 
as obtained by fermentation on an industrial scale; the product is known as 
rectified spirit. 

coherent Denoting a beam of light, 


which the waves are in phase or h 
laser. 


coherent units A system of units i 
units in the system yields the u 
length is divided by unit time, 
of a coherent System are arbit 
units are obtained from these 


called ‘derived units’. The cohe; 
units. 


Or other electromagnetic radiation, in 
ave à constant phase relationship. See 


n which the quotient or product of any two 
nit of the resultant quantity. E.g. when unit 
the unit of velocity results. The basic units 
rarily defined physical quantities. All other 
basic units by defining relations and are 
rent units now in scientific use are the S7 


coinage metals The metals copper, silver, gold. 


coincidence circuit Coincidence gate. An electronic circuit that produces an 
output only when two or more input signals arrive simultaneously, or 
within a specified time interval. 

coke A greyish porous brittle solid containing about 80% carbon. Obtained as 
a residue in the manufacture of coal-gas (‘gas coke’); also made specially in 


coke ovens, in which the coal is treated at lower temperatures than in gas 
manufacture. 


colchicine C,H ;NO,. A yellow crystalline alkaloid, m.p. 156°C., obtained 
from the autumn crocus, that interferes with the process of mitosis in such 
a way that it causes a doubling of the number of chromosomes in a cell. 


Used as an artificial method of obtaining new agricultural and horticultural 
varieties and in the treatment of gout. 
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colcothar Rouge, red iron(III) oxide, Fe; Os. It is used as a pigment and for 
polishing. 

collagen A protein that is the major fibrous constituent of skin, tendon, liga- 
ment, and bone: it is, therefore, probably the most abundant protein in the 
animal kingdom. Collagen owes its unique properties not only to its chemi- 
cal composition, but also to the physical arrangement of its individual mol- 
ecules. The basic molecular polypeptide chain forms a left-handed helix, and 
three such helices are wrapped around each other to form a right-handed 
super-helix. On boiling with warer collagen gives rise to gelatin. 

collargol A powder containing protein material and finely divided silver; with 
water it forms a colloidal solution of silver. 

collector The electrode in a transistor through which a primary flow of carriers 
leaves the inter-electrode region. 

colligative properties Those properties of a substance (e.g. a solution) that 
depend only on the concentration of particles (molecules or ions) present 
and not upon their nature; e.g. osmotic pressure. 

collimator 1. A tube containing a convex achromatic lens at one end and an 
adjustable slit at the other, the slit being at the focus of the lens. Light 
rays entering the slit thus leave the collimator as a parallel beam. 2. An 
arrangement of absorbers for limiting a beam of radiation to the required 
dimensions and angular spread in radiology. 3. A small fixed telescope 
attached to a larger one for the purpose of accurately setting the line of 
sight of the larger instrument. 

collision density The number of collisions per unit volume per unit time that 
a given neutron flux makes when passing through matter. 

collodion A solution of cellulose nitrate in a mixture of ethanol and ethoxy- 
ethane. 

colloid A substance present in solution in the colloidal state. 

colloidal metals Colloidal solutions or suspensions of metals, the metal being 
distributed in the form of very small electrically charged particles. They are 
prepared by striking an electric arc between poles made of the metal, under 
water or by the chemical reduction of a solution of a salt of the metal. They 
are used in medicine. 

colloidal solution Sol. A solution in which the solute is present in the colloidal 
state, Common examples include solutions of starch, albumen, colloidal met- 
als, etc. The solvent is termed the dispersion medium or continuous phase 
and the dissolved substance the disperse phase. Several types of colloidal 
solution are possible, depending upon whether the dispersion medium and 
the disperse phase are respectively liquid and solid (suspensoid sols), liquid 
and liquid (emulsoid sols), gas and solid, etc. If the disperse phase, when 
removed from solution by evaporation or coagulation, returns to the colloi- 
dal state on merely mixing with the dispersion medium, it is termed a 
reversible or lyophilic colloid, and the solution a reversible sol. If the dis- 
perse phase does not return to the colloidal state on simple mixing, it is 
termed an irreversible or /yophobic colloid. » 

colloidal state A system of particles in a dispersion medium (or continuous 
phase), with properties distinct from those of a true solution because of the 
larger size of the particles. The presence of these particles, which are 
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approximately 1074 to 107 5 mm across, can Often be detected by means 
of the ultramicroscope. As a result of the grouping of the molecules, a solute 
in the colloidal state cannot pass through a suitable semipermeable mem- 
brane and gives rise to negligible osmotic pressure, depression of freezing 
point, and elevation of boiling point effects. The molecular groups or parti- 
cles of the solute carry a resultant electric charge, generally of the same 
sign for all the particles. 


cologarithm The logarithm of the reciprocal of a number, expressed with a 
positive mantissa. 


colophony See rosin. 


colorimeter Apparatus used in colorimetric analysis for comparing intensities 
of colour. See also tintometer. 

colorimetric analysis A form of quantitative analysis in which the quanitity of 
a substance is estimated by comparing the intensity of colour produced by 
it with specific reagents, with the intensity of colour produced by a stan- 
dard amount of the substance. 

colour The visual sensation resulting from the impact of light of a particular 
wavelength on the cones of the retina of the eye. Light has three character- 
istics: hue, which is determined by its wavelength; saturation, the extent to 
which a colour departs from white; and luminosity, a measure of its bright- 
ness (for a light or other emitting source). If the source is a pigment, dye, 
etc., that reflects rather than emits light, this last characteristic is called 
lightness. Coloured lights mix to form a different colour by an additive 
Process. Pigments, dyes, etc., mix by a subtractive process. See colour vision. 

colour charge See elementary particles. 


colour temperature The temperature of a full radiator (see black body radia- 


tion) that would emit visible radiation of the same spectral distribution as 
the radiation from the ligi 


ht source under consideration. 
colourtron A type of cathode-ray tube, used as a colour picture-tube in televi- 
sion, that has three electron guns, one for each primary colour. 
uch as daylight, consists of a mixture of electro- 
magnetic radiations of various wavelengths (see spectrum colours ). A surface 
that reflects all of these will appear whiti 


glass, the glass absorbs all the radiations except those that are visible and 
pass through. See colour; surface colour; pigment colour. 


column chromatography A form of chromatography in which the mobile phase 
is liquid and the stationary phase is activated alumina, or a similar sub- 
stance, contained in a vertical glass column. The mixture is introduced at 
the top of the column and washed through the stationary phase by a sol- 
vent. The components of the mixture are selectively adsorbed, forming col- 
oured bands down the length of the column (if the components are col- 
oured). The technique is used in laboratory preparations as well as in anal- 
ysis, the eluate (see elution) being separated into fractions. 
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colza oil Rapeseed oil. Yellow oil obtained from the seeds of various Brassica 
plants. Used as an edible oil, illuminant, lubricant, and in the quenching of 
steel. ‘Mineral colza’ oil is a mixture of paraffin hydrocarbons with a boiling 
range of 250*—350*C. 

coma 1. The nebulous patch of light that surrounds the nucleus of a comet. 2. 
An error of a lens or spherical mirror that causes a blurred comet-like 
image. 

combination, laws of chemical See chemical combination, laws of. 

combination (math.) A selection of a specified number of different objects 
from some larger specified number. The number of combinations of r dif- 
ferent objects selected from n objects (i.e. the number of combinations of n 
objects taken r at a time) is denoted by the expression "C, and is equal to 
n!/rl(n — r)!. See also factorial and permutation. 

combustion Burning. A chemical reaction, or complex of chemical reactions, in 
which a substance combines with oxygen producing heat, light, and flame. 
The combustion reactions that supply most of the emergy required by 
human civilization involve the oxidation of fossil fuels in which carbon is 
converted into carbon dioxide and hydrogen is converted into water 
(steam ). 

comet A heavenly body, moving under the attraction of the Sun in an eccen- 
tric orbit. It consists of a hazy gaseous cloud (see coma) containing a 
brighter nucleus and a fainter tail. The nucleus is thought to consist of ice 
and dust particles. See Halley's comet. 

command guidance A method of missile or rocket guidance in which com- 
puted information is transmitted to the missile and causes it to follow a 
directed flight path. 

comma of Pythagoras See temperament. 

communication satellite See satellite, artificial. 

commutative algebra The form of algebra in which the order of the terms is 
not important. For example, a + b = b + a and ab = ba are commuta- 
tive equations. Subtraction and division are not commutative. 


commutator A device for altering or reversing the direction of an electric 
current; used in the dynamo to convert the alternating current into a direct 
one if required. It consists of a cylindrical assembly of insulated conductors 
each of which is connected to sections of the winding. Spring-mounted 
carbon brushes make contact with the conductors and thus carry the cur- 
rent to external circuits. 

Compass, magnetic In its simplest form a compass consists of a magnetized 
needle pivoted at its centre so that it is free to move in a horizontal plane. 
The effect of the Earth's magnetic field is to cause the needle to set along 
the magnetic meridian. The needle is usually placed at the centre of a 
circular scale marked with the points of the compass. As such a compass is 
also affected by magnetic fields other than that of the Earth, for navigation 
the gyrocompass is used. S9 

complementarity A term introduced into quantum theory by Niels Bohr 
(1885-1962), implying that evidence relating to atomic systems that has 
been obtained under different experimental conditions cannot necessarily be 
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comprehended by one single model. Thus, for example, the wave model of 
the electron is complementary to the particle model. 

complementary angles Angles together totalling 90* or one right angle. í 

complementary colours Pairs of colours that, when combined, give the effect 0 
white. See colour vision. 

complete radiation See black body radiation. 


complex (chem.) Complex compound. The term originally derives from E 
Tecognition that compounds, which can exist as separate entities, may Mi 
bine together by the formation of bonds (usually coordinate bonds ) wi 
atoms of the two components. The product is a complex compound, m 
the term now covers all analogous coordination compounds. Thus, à CO! A 
pound may form a derivative (salt) with a metal, but may also onn 
atoms that can coordinate with the metal in the product, so that the lat 
becomes a complex compound. See complexons; porphyrins; chelation, MIN. 

complex number A complex number consists of two parts, ‘real’ and iman 
nary’, and can be expressed in the form x + iy, where both x and y ks 
real quantities and į is the square root of -1, ie. i? = —1. The real Ps 
of the complex number is ‘x’ and the imaginary part ‘iy’. Such DA 
Obey the ordinary laws of algebra except that in equations containing t 3 
the real and imaginary parts are equated separately. See Argand diagram 2 t 

complexometric analysis A method of chemical analysis based on (titration o 
metal ions in solution with chelating agents (see chelation ), such as ED 
or other complexons. n 

complexon(e)s Complex-forming or chelating agents (see chelation ) used 1n 
complexometric analysis; e.g. EDTA and similar compounds. f 

component (chem.) The least number of substances from which every phase © 
a system may be constituted. E.g. each of the phases ice, water, wae 
vapour in equilibrium is composed of one component, H,O. In a mixtur! 


z e 
of ethanol and water there is one phase but two components. See phasi 
rule. 


component forces and velocities Two or more forces or velocities that prods 
the same effect upon a body as a single force or velocity, known as t 
resultant. 

compound (chem.) A substance consisting of two or more elements chemically 
united in definite proportions by weight. The formation of a compoun 
involves a chemical reaction and the elements cannot be separated by 
purely physical means. 3 

compound, interstitial A compound of a metal and certain metalloids in whic 
the metalloid atoms occupy the interstices between the atoms of the metal 
lattice. 

compound microscope See microscope, compound. 3 

compressibility The coefficient of compressibility (isothermal ) of a substance sis 
given by « = —1/V8V/ 5p, where 8V is the change in the volume V of the 
substance resulting from a change of pressure 6p, the temperatis zonaning 
constant. It is the reciprocal of bulk modulus and is measured in square 
metres per newton. s 

Compton effect The reduction, in the energy of a gamma-ray Ot X-ray p hoton, 
as a result of its interaction with a free electron. Part of the photon's 
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energy is transferred to the electron (Compton or recoil electron) and part 
is redirected as a photon of reduced energy (Compton scatter). Named 
after Arthur H. Compton (1892— 1962). 
computer An electronic device that can accept data, apply a series of logical 
processes to it, and supply the results of these processes as information. 
Computers are used to perform complex series of mathematical calculations 
at very great speed; this makes them of great use for a variety of purposes, 
such as routine office calculations, control of industrial processes, and the 
control of spacecraft flight paths. Their ability to perform these operations 
depends not only on their mathematical capabilities, but also on their abil- 
ity to store information and retrieve specified bits of information in the 
appropriate circumstances. The two main types of computer are: the analog 
computer in which numbers are represented by magnitudes of such physical 
quantities as voltages, mechanical movements, etc., and the digital computer 
in which numbers are expressed directly as digits, usually in the binary 
notation. This latter type is more versatile. See also C.P.U.; backing storage; 
microcomputer; minicomputer; peripherals; software; store. 
concave Curving inwards; thus, a concave (or bi-concave) /ens is thinner at 
the centre than at the edges. See Fig. 24 under /ens. 
concavo-convex Denoting a /ens that curves inwards on one side and out- 
wards on the other. See Fig. 24 under /ens. 
concentrated (chem.) Denoting a reagent containing the minimum of water or 
other solvent; the opposite of dilute. 
concentration c. The quantity of a substance present in a given space or 
defined quantity of another substance. The concentration of aqueous solu- 
tions is usually expressed in moles per cubic metre. See also molarity. 
concentration cell A primary cell whose E.M.F. is due to a difference in con- 
centration between different parts of the electrolyte. 
concentric Having the same centre. E.g. two concentric tubes would appear, 
in cross-section, as two concentric circles. 
conchoidal fracture A type of break or fracture characteristic of an amorphous 
solid; an irregular break with a curved face exhibiting concentric rings. 
concrete A building material composed of stone, sand, cement, and water. 
Reinforced concrete has steel rods or meshes imbedded in it to increase its 
tensile strength. In prestressed concrete the concrete is maintained in com- 
pression by stretching the reinforcing rods and keeping them in tension 
after the concrete has set. 
condensation (chem.) A chemical change in which two or more molecules react 
with the elimination of water or of some other simple substance. E.g. etha- 
noic anhydride, (CH;CO),0, may be regarded as a condensation product of 
ethanoic acid, CH;COOH, a molecule of the anhydride being formed when 
two molecules of the acid combine with the elimination of one molecule of 
water. See also polymerization. 
condensation of vapour The change of vapour into liquid, which takes place 
when the pressure of the vapour becomes equal to the vapour pressure of 
the liquid at that temperature. , 
condensation pump Diffusion pump. An apparatus used to obtain high vacua, 
ie. pressures of the order of 1076 mm mercury. Mercury or oil vapour 
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issuing as a jet through the orifice O exhausts the system attached to the 
tube A. Gas molecules in A diffuse through the layer of mercury vapour 
around the orifice and are carried down with the vapour stream by molecu- 
lar bombardment. The mercury vapour is cooled at the jet causing it to 
condense, so preventing it from diffusing back into the system that is being 
exhausted. See Fig. 7. 

condensed-matter physics See solid-state physics. 


condenser (chem.) Liebig condenser. An apparatus for converting vapour into 
liquid during distillation. In its simplest form it consists of a tube along 
which the vapour passes and is cooled, usually by cold water flowing in the 
opposite direction through an outer jacket surrounding the tube. 
condenser, electrical See capacitor. 


condenser, optical A device used in optical instruments to converge rays of 
light; e.g. in the microscope a condenser lens is used to converge upon the 
object to be viewed. 

condenser microphone See capacitor microphone. 


conductance G. The conductance of a direct current circuit is the reciprocal of 
its resistance. The conductance of an alternating current circuit is its resis- 
tance divided by the square of its impedance. The SI unit is the siemens. 
formerly called the mho or reciprocal ohm. 

conductiometric titration A titration in which the electrical conductivity of the 
reacting chemicals is monitored as one reactant is added. The equivalence 
point is denoted by a sharp change in conductivity. 

conduction, thermal The transmission of heat from places of higher to places 
of lower temperature in a substance, by the interaction of atoms or mole- - 
cules possessing greater kinetic energy with those possessing less. In gases 
the heat energy is transmitted by collision of the gaseous molecules, those 
possessing the greater kinetic energy imparting, on collision, m of their 
energy to molecules having less. Conduction in liquids is mainly due to the 
same process. In solid electrical conductors, the chief contribution to ther- 
mal conduction arises from a similar process taking place between the free 
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electrons and ions present. The interaction of the molecules responsible for 
thermal conduction in solid electrical insulators arises from the elastic bind- 
ing forces between the molecules, which are effectively fixed in space. 

conduction band The range of energies (see energy bands) in à semiconductor 
corresponding to states in which the electrons can be made to flow by an 
applied electric field. 

conduct , electrical c. The reciprocal of the resistivity or specific resistance 
of a conductor. It is measured in siemens per metre. 

conductivity, thermal Heat conductivity. A. The rate of transfer of heat along 
a body by conduction. For a cube of side /, the energy E, transferred in 
unit time 7, is given by E = ‘A(T, — T), where À is the conductivity and 
T and T, are the temperatures of a pair of opposite faces. À is measured 
in Js^! m-! K- 

conductivity water Water that has been repeatedly distilled in vacuo to bring 
its conductivity down to about 4 X 107 5S m- !, which is about one twen- 
tieth that of ordinary distilled water. The limit of the conductivity of water 
results from the ionization: 

H,O = H*-OH- 

conductor, electrical A body capable of carrying an electrical current; a body 

that, if given an electric charge, will distribute that charge over itself. 


conductor, thermal A body that will permit /ieat to flow through it by conduc- 
tion. 


Condy's fluid A solution of sodium or calcium (or sometimes aluminium) per- 
manganate (manganate(VII)), NaMnO, or Ca(MnOj4);. It is used as a dis- 
infectant. 

cone (math.) A solid figure traced by a straight line passing through a fixed 
point, the vertex, and moving along a fixed circle. For a cone of vertical 
height A, slant height s, and radius of base r, the volume is given by 
V = ar?h/3, and the area of the curved surface A = ars. 

cone (optics) A photosensitive cell in retina of vertebrate eyes. They function 
in bright light and are sensitive to colour. They are concentrated in the 
fovea and are not present in the margins of the retina. Compare rod. See 
photopic vision. 

confinement See containment. 

conformation theory The principle that the three-dimensional structure of a 
molecule enables its stability and reactivity to be predicted. The theory pays 
special attention to the conformation of substituted hydrogen atoms in 
organic compounds; the axial (vertical) or equatorial (horizontal) disposi- 
tion of substituents has been shown to be of great importance in predicting 
physical and chemical properties. 

congeners Elements belonging to the same group in the periodic table. 

congruent figures Geometrical figures equal in all respects. 

conic sections Curves obtained by the intersection of a 
plane with a cone; they include the circle, ellipse, parabola, and hyperbola. 
See Fig. 8. X 

coniine C;H,;N. A poisonous liquid alkaloid, b.p. 166-8°C., which is the 
active constituent of hemlock. 4 

conjugated double bond In an unsaturated organic compound two double bonds 
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separated by a single bond are said to be conjugated, e.g. buta-1,3-diene, 
CH, :CH.CH:CH). 


CONIC SECTIONS 


S A9 


CIRCLE ELLIPSE PARABOLA HYPERBOLA 
Figure 8. 


conjugate points of a lens. Points on either side of the /ens, such that an 
object placed at either will produce an image at the other. , 

conjunction (astr.) A p/anet (or other heavenly body) is said to be in superior 
conjunction when it is in a straight line with the Sun and the Earth; a 
planet with its orbit inside that of the Earth is in inferior conjunction 
when it is between the Sun and the Earth and in line with them. 

conservation of charge The principle that the total electric charge associated 
with a system remains constant: that electric charge can be neither created 
nor destroyed. P 

conservation of mass and energy A principle, resulting from Einstein's special 
theory of relativity, that combines the separate laws of the conservation O' 
energy and of mass. The law of the conservation of energy states that in 
any system energy cannot be created or destroyed, and the law of the 
conservation of mass (or matter) states that in any system matter cannot 
be created or destroyed. As Einstein showed that the mass of a body is a 
measure of its energy content, according to E = mc?, where c is the speed 
of light, the laws of conservation of mass and energy merge with each 
other. 

conservation of momentum The principle that the total momentum of two 
colliding bodies before impact is equal to their total momentum after 
impact. When velocities comparable to the speed of light are being consid- 
ered, the variation of mass with velocity (see relativity, theory of) must be 
taken into account, and the expression for the momentum becomes: 

Momentum = mv = m,v(1—v2/c2) - ^ 

where my = rest mass, v = velocity of the body, and c = speed of light. 

consolute temperature Critical solution temperature. The temperature at which 
two partially miscible liquids become completely miscible. 4 

constant (math., phys.) Any quantity that does not vary; eg 7 (‘pi’), the ratio 
of the circumference to the diameter of any circle. : 

constantan An alloy of copper containing 105—555 nickel; as its electrical 
resistance does not vary with temperature it is used in electrical equipment. 

constant boiling mixture See azeotropic mixture. 
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constant composition, law of See chemical combination, laws of. 

contact angle, for solid-liquid interface. The angle included between the tan- 
gent plane to the surface of a /iquid and the tangent plane to the surface of 
à solid at any point along their line of contact. 


Figure 9. 


contact potential difference If two dissimilar metals, a and b, are in contact 
(see Fig. 9), then a potential difference exists between point A, just outside 
conductor a, and a point B, just outside conductor b. This is the contact 
potential difference of the two conductors. 

contact process An industrial process for the manufacture of sulphuric acid, 
H3SO,. Sulphur dioxide, SO}, is made to combine with oxygen by passing 
over a heated catalyst, usually platinum or platinized asbestos. The sulphur 
trioxide, SO}, formed is combined with water to give sulphuric acid. 

containment Confinement. In a controlled thermonuclear reaction, the process 
of Preventing the plasma from coming into contact with the walls of the 
containing vessel is referred to as containment or confinement. The approx- 
imate period for which the ions remain trapped by the containing field is 
referred to as the ‘containment time’ or the ‘confinement time’. 

continental drift The theory that all the continents on the Earth’s surface were 
once a single land mass, which subsequently split up. Evidence includes the 
apparent fit of South America into Africa, the distribution of rocks, and 
more recently the theory of plate tectonics. It is postulated that some 135 
million years ago the single land mass, named Pangaea, split into the 
northerly Laurasia and the southerly Gondwanaland. 65 million years ago 
these two continents split again, Laurasia into North America and Europe- 
Asia, and Gondwanaland into South America and Africa. 

continuous phase See colloidal solution; colloidal state. 

Continuous spectrum See spectrum. 

continuous wave CW. Radio or radar transmissions generated continuously 
and not in short pulses. 

continuum A continuous series of component parts passing into one another; 
e.g. the three space dimensions and the time dimension are considered to 
form a four-dimensional continuum. 

control grid An electrode placed between the cathode and the anode of a 
thermionic valve for controlling the flow of electrons through tk? valve. 

controlled thermonuclear reaction CTR. See thermonuclear reaction. 

control rod Part of the control system of a nuclear reactor that directly affects 
the rate of reaction therein. Usually a rod or tube, which can be moved up 
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or down its axis, made of steel or aluminium containing boron, cadmium, 
or some other strong absorber of neutrons. 

convection Transference of hear through a liquid or gas by the actual move- 
ment of the fluid. Portions in contact with the source of heat become 
hotter, expand, become less dense, and rise: their place is taken by colder 
Portions, thus setting up convection currents. If these currents occur Ba 
taneously the process is called natural convection. If they have to be ma 4 
to occur by a pump, fan, or similar device, the process is called force 
convection. 


convergence 1. The process of coming to a point. See converging lens. 2. The 
process of tending to approach a finite limiting value. A converging serie 
is one in which the sum of the terms tends towards a finite figure. 4 

converging lens A lens capable of bringing to a point a beam of light passing 
through it; a convex lens, See Fig. 25 under /ens. 

converse The transposition of a Statement consisting of a fact or datum a 
consequent conclusion. Thus the converse of the proposition ‘equal chor t 
of a circle are equidistant from the centre’ is ‘chords that are equidistey 
from the centre of a circle are equal’. The converse of a statement is nO 
necessarily true. 

conversion The process in a nuclear reactor as a result of which fertile m 
rial is transformed into fissile material, eg. the conversion of thorium- m 
into uranium-233. The ‘conversion factor’ is the number of fissile atom 
Produced from the fertile material Per fissile atom destroyed in the fuel. ne 

conversion electron An orbital electron ejected from an atom as a result of t 
energy it acquires from a transition of the nucleus from one energy state to 
another in the absence of gamma-ray emission. See also internal com 

converter 1. An electrical machine for converting alternating current to direc 
Current or vice versa. 2. The retort used in the Bessemer process or some 
similar steel-making process. 


Converter reactor A nuclear reactor that produces fissile material from fertile 
material by conversion, 

convex Curving outwards; e.g. a convex lens is onc thicker at the centre than 
at the edges. See Fig. 24 under /ens. 

coolant A fluid used for cooling, usually extracting heat from one source and 
transferring it to another. In a nuclear reactor the coolant transfers the heat 
from the nuclear reaction to the Steam-raising plant. 

Cooper pairs See superconductivity. 

coordinate bond Dative Bond, semipolar bond. See valence. 

coordinate geometry See analytical geometry. 


coordinates Magnitudes used to define 


the position of a point or line within à 
fixed frame of reference. See Cartesian coordinates; polar coordinates. 


coordination compound A compound in which the molecule or a component 
ion of the molecule contains a central atom surrounded by atoms or Ero 
of atoms (called ligands) attached to the central atom by a number o! 
valence bonds in excess of the stoichiometric valence of the central atom. 
Thus, a ferricyanide is a coordination compound: in its anion, the hexacyano- 
ferrate(III) ion, [Fe(CN)¢]?~. the central iron atom, which has a valence 
of three, is attached to six CN- ions. 


88 


dx = u1w ee, VS 


CORIOLIS FORCE 


Coordination number 1. The number of ions which surround a given ion in a 
crystal lattice. 2. In the molecule of a coordination compound, the number of 
atoms directly linked to the central atom. 

Copal A natural resin obtained from certain trees. It is used in varnishes. 

coplanar (math.) In the same plane. 

Copolymerization See polymerization. 

Copper Cu. Element. R.a.m. 63.54. At. No. 29. A red malleable and ductile 
metal, m.p. 1084°C., b.p. 2582°C., rd. 8.95; after silver, it is the best 
conductor of electricity. It is unaffected by water or steam. It occurs as the 
free metal, and as cuprite or ruby ore, CuO; chalcocite, CuS; and chalco- 
pyrite, CuFeS}. Copper is extracted from sulphide ores by alternate roasting 
and fusing with sand, thus removing iron and volatile impurities, and leav- 
ing a mixture of copper(I) oxide and sulphide. This is then heated in a 
reverberatory furnace, giving impure copper, which is then refined by vari- 
Ous methods. It is used for steam boilers, electrical wire and apparatus, in 
electrotyping, and in numerous alloys, e.g bronze, brass, speculum metal, gun 
metal, bell metal, Dutch metal, manganin, constantan, nickel silver, German 
silver, etc, 

Copperas See iron(II) sulphate. 

Copper chlorides Copper(II) chloride (cupri r 
Powder, m.p. 620°C., obtained by passing chlorine over heated copper. The 
dihydrate is blue-green. Copper() chloride (cuprous chloride), CuCl, m.p. 
430°C., is obtained by boiling copper(II) chloride with copper and /ydro- 
chloric acid. It is used as a catalyst. 

Copper glance See chalcocite. x y 

Copper oxides Copper(I) oxide (cuprous oxide or red copper oxide), Cu;O, is 
a red insoluble powder, m.p. 1235°C., which occurs naturally as the mineral 
cuprite. It is used to colour glass red and as a fungicide. Copper(II) oxide 
(cupric oxide), CuO, is a black insoluble substance, m-P- 1326*C. 


Copper pyrites See chalcopyrite. 

copper(II) sulphate Cupric sulphate, blue vitriol. CuSO43H2O. A blue crys- 
talline so/uble salt, obtained by reacting copper(II) oxide with dilute sulphu- 
ric acid. It is used as a mordant, insecticide, and fungicide (see Bordeaux 
mixture ). It is also used in electroplating and to preserve wood. 

Coral Deposits of impure calcium carbonate, CaCO3, formed of the hard skel- 
etons of various marine organisms. . 3 

Cordite An explosive prepared from cellulose nitrate and nitroglycerine. 


Core 1. A magnetic material that is used to increase the inductance of a coil a 
j 
l 
A 


ic chloride, CuCl, is a brownish 


through which it passes. It may be laminated or made of compressed ferro- 

magnetic particles. 2. The central part of a nuclear reactor that contains the 

fissile material. 3. The devices, semiconductors, ferrite rings, etc. that consti- 

tute the memory of a computer. 4. See Earth. > 

Coriolis force A fictitious force used to simplify calculations invelving rotat- ! k: 
ing systems, such as the movement of air on the surface of the Earth. For P 
example; to an observer on a rotating disc, i 
line from the centre of the disc to its circ 
moving in a curved path. The Coriolis force is 
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E iolis 
to account for the tangential acceleration. Named after Gaspard de Corio! 
(1792-1843). 


corona A white irregular halo surrounding the Sun, which is visible during 4 
total eclipse. Ts 

corona discharge A luminous discharge that appears round the surface A: 
conductor due to ionization of the air (or other gas surrounding it), cà d 
by the voltage gradient exceeding a critical value, but not being sufficien 
cause sparking. 

corpuscle See blood cell. 


corpuscular theory The theory that light consists of minute corpuscles in ae 
motion. The original corpuscular theory was abandoned in the mi for- 
the nineteenth century in favour of the wave theory of light, first put P 
ward by Huygens in 1678. Later research has shown that light pheno maa 
must be interpreted in terms of photons and waves, as the two descrip! 


are merely two different ways of viewing one and the same reality. 1 
complementarity. 


corrosion Surface chemical action, 
ture, air, or chemicals. 


corrosive sublimate See mercury(II) chloride. 


z hey 

corticosteroid A hormone Produced by the cortex of the adrenal glands. D. f 

are all steroids and fall into two classes: glucocorticoids (such as cori ETT 
which are used as anti-inflammatory drugs and which regulate the 


Seay as 
use of carbohydrates, fats, and proteins, and mineralocorticoids (such 

aldosterone), which regulate the salt and water balance. 
cortisone 17-hydroxy- 


A ti- 

1 I-dehydrocorticosterone. C; H205. A crystalline sad 

Costeroid hormone, m.p. 215°C., secreted by the cortex of the adrenal gl Mus 

It reduces local inflammation and is used in the treatment of rheum: 

and other conditions. 

corubin Crystalline aluminium oxide, Al 
aluminothermic reduction. 


corundum Natural aluminium oxide, Al;Os. A crystalline substance nearly 4S 
hard as diamond, used as an abrasive. 

Cosecant See trigonometrical ratios. 

cosine See trigonometrical ratios. 


cosine rule In any triangle, 

c? =a? + b?—2abcosð, 3 " 
where @ is the angle between the sides a and b and opposite the side c. th 
cosmic dust Small particles of matter, probably ranging in size from oO! 


TOI t 
hundredth to one ten-thousandth of a millimetre, distributed throughou 
space. 


ois- 
especially on metals, by the action of m' 


ie 
203, obtained as a by-product of th 


cosmic rays Very energetic radiation falling upon the Earth from outer DIE 
and consisting chiefly, if not entirely, of charged particles. The mony es 
these are most probably protons, although electrons and alpha el dt 
also present. There is also evidence that a small component (about 2%) d 
the primary radiation consists of heavy atomic nuclei. ae primary par a 
4 cles, when incident upon our atmosphere, cause aes secondary pri 
cesses. Proton-neutron collisions in the top tenth of 2 ELDER OMe 
rise to mesons, High-energy electrons are created in the atmosphere by 
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Eon decay, by interaction of high energy protons with nuclei, by knock- 

n collisions of mesons with electrons, etc. These high-energy electrons give 

e to cosmic ray showers resulting in the creation of photons, positrons, and 
urther electrons. Energies as high as 107° electron-volts have been observed 
with cosmic ray particles. The origin of cosmic rays is not known with 
certainty although some appear to emanate from the Sun. See also east-west 
asymmetry. 

dur 

osmic ray shower Cascade shower. See shower. 

ey The science of the nature of the heavenly bodies, 
eference to the formation of planets, stars, and galaxies. 

Cosmology The science of the nature, origin, and history of the Universe. A 
More general and widely used term than cosmogon» when referring to the 

H niverse as a whole, See steady state theory, superdense theory. 

poton A proton accelerator containing a very large ring-shaped electro- 

Ignet. 

[ST ; ; 

G tangent See trigonometrical ratios. 

Eel precipitator A device used for removal of 
electrostatic precipitation. 


with particular 


dust particles from gases by 


COUDÉ TELESCOPE 


PRIMARY MIRROR 


LIGHT CONVEX 
RAYS MIRROR 


PLANE MIRRORS 


Figure 10. 


Coudé system A form of astronomical reflecting telescope in which fight from 


the primary mirror is reflected back along the axis of the telescope by 
Means of a system of mirrors as shown in Fig. 10. This system may also be 
ing the telescope to rotate 


adapted for use with a refracting telescope, enabli 
Without rotating the base. t 

coulomb The'derived SI unit of electric charge, defined as the quantity of 
electricity transferred by 1 ampere in one second. 10-! electromagnetic 
unit; 3 x 10? electrostatic units. Symbol C. Named after Charles Augustin 
Coulomb (1736-1806). 

Coulomb scattering The scattering of su c 
trostatic (coulomb) field surrounding an atomic nucleus. 

Coulomb's law The force of attraction or repulsion between two charged bod- 
les (assuming that the charges behave as though they were concentrated at 
a point) is proportional to the magnitude of the charges and inversely 
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proportional to the square of the distance between them. In SI units, the 
equation is written F = gig; /4zzod?, where F is the force in newlOBsy a 
and q, are the charges in coulombs, d is the distance between them 
metres, and eg is the electric constant. 
coulometer Coulombmeter. See voltameter. A 
coumarin C9 HcO;. A white crystalline substance, m.p. 71°C., with an odo 
of vanilla. Used as a flavour and in perfume. b 
coumarone Benzofuran. C, H,OCH:CH. A liquid derived from coal-tar, hk 
173*C., that polymerizes into a synthetic resin; used in the paint and 
nish industry. iger. 
counter tube A device for counting individual ionizing events. See Geig 
counter; scintillation counter; proportional counter; and crystal counter. in 
couple (phys.) Two equal and opposite parallel, but not colinear, forces b 
upon a body. The moment of à couple is the product of either force 2 
the perpendicular distance between the line of action of the forces. 
coupling reaction See azo coupling. 
covalent bond See valence. 


covalent crystal A crystal in which the atoms are held in the lattice by SV) 
lent bonds (see valence ). Typical examples are diamond and silicon 
oxide. See also semiconductors. hat 

C.P.U Central processing unit. The central electronic unit in a computer is 
Processes input information, and information from the store, and produ ol 
the output information. The C.P.U. and the store form the central pan dé 
the computer. The devices connected to them, known as peripherals, inclu 
the backing storage and the input and output equipment. b 

cracking (chem.) Pyrolysis. The decomposition of a chemical substance Py 
heat; especially the conversion of mineral oils of high boiling point t le- 
more volatile oils suitable for petrol engines, by ‘cracking’ the larger ma 
cules of the heavy oils into smaller ones. In catalytic cracking the decomp: 
sition takes “place in the Presence of a catalyst. 

cream of tartar See potassium hydrogentartrate. C4 O6 H5K. ino 

creatinine C;H,N30. A white crystalline substance, derived from the amin 
acid creatine, C3Hg N4 COOH, found in urine, blood, etc. b 

creep A permanent change in the Physical dimensions of a metal caused bY 
the application of a continuous Stress. sed 

creosote A distillation product obtained from coal-tar or from the tar obtaine 
by the destructive distillation of wood. An oily, transparent /iquid containing 
Phenol and cresol, it is used for Preserving timber. 

cresol See methylphenol. 

cristobalite A mineral consisting of Silicon(IV) oxide, SiO. $ 

crith The mass of 1 litre of hydrogen at 0°C, and a pressure of 760 mm: 
approximately 0.09 g. ] I 

critical angie of a medium. (phys.). The least angle of incidence at which totai 
internal reflection occurs. When a ray of light passing from a denser toa 
less dense medium, e.g. glass to air, meets the surface, a portion of the 


light does not emerge, but is internally reflected. As the angle of oe ence 
increases, the intensity of the internally reflected beam also increas 
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an angle is reached when the whole beam is thrown back, total internal 
Teflection taking place. 

critical damping A measuring instrument is said to be critically damped when 
it takes up its equilibrium deflection in the shortest possible time, the oscil- 
lations of the indicator (needle) about the equilibrium position being 
quickly damped out. Galvanometers are normally used critically damped. 

critical mass The minimum mass of fissile material required in a nuclear reac- 
Eo: Or a nuclear weapon to sustain a chain reaction. 

critical potential The minimum energy required to raise the energy level of an 
orbital electron (see excitation) or to remove it from the atom. See ioniza- 
lion potential; radiation potential. 

critical pressure The pressure of the saturated vap: 
Critical temperature. 

Critical reaction See chain reaction. 

critical state Critical point. The state of a substance when its liquid and 


ensity, at the same temperature and pressure. 


gaseous phases have the same de y 
critical temperature The temperature above which a gas cannot be liquefied by 


pressure alone. 

Critical velocity The velocity at which the flow of a liquid ceases to be stream- 
line and becomes turbulent. 

Critical volume The volume occupied by unit mass 
temperature and critical pressure. 

CRO See cathode-ray oscilloscope. 

Cross-linkage (chem.) The joining of polymer molecules (see polymerization ) to 
each other by valence bonds. A polymer may be imagined, in the simplest 
Case, to consist of very long chain-like molecules; cross-linkage would have 
the effect of joining adjacent chains by lateral links. 

Cross-section In nuclear physics the cross-section represents the effective area 
that has to be attributed to a particular atom or nucleus to account geomet- 
rically for its interaction with an incident beam of radiation. The ‘total’ (or 
‘collision’) cross-section, which accounts for all interactions, is subdivided 
into the ‘elastic cross-section’ and the “inelastic cross-section’. The elastic 
Cross-section accounts for all elastic scattering in which the incident radia- 
tion suffers no loss of energy to the atom or nuclei. The inelastic cross- 
section accounts for all other interactions and may be further subdivided to 
account for specific interactions, e.g. “capture cross-section’, ‘fission cross- 
Section’, ‘jonization cross-section’, etc. 

one acid Butenoic acid. CH; CH:CHCOOH. A colourless crystalline solu- 

e substance that exists in two isomeric forms. Trans-but-2-enoic acid has 
a m.p. of 71.6°C. and is used in organic synthesis. Cis-but-2-enoic acid 
(isocrotonic acid) has a m.p. of 14.5*C. 

Crown glass A variety of glass containing potassium Or barium in place of 
sodium; it is less fusible than ordinary soda glass, and is used in optical 
instruments. $ 

crucible A vessel of heat-resisting material used for containing high tempera- 
ture chemical reactions. = 

crust See Earth. 

cryogen See freezing mixture. 


our of a substance at the 


of a substance at its critical 
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cryogenics The study of materials and phenomena at temperatures close tO 
absolute zero. i E. 

cryohydrates Crystalline substances, containing the solute with a de y: 
molecular proportion of water, that crystallize out from solutions coo 
below the freezing point of pure water. 


: 1 357 ; . ufac- 
cryolite Natural sodium aluminium fluoride, Na} AIF;. Used in the man 
ture of aluminium. 


cryometer A thermometer especially designed for measuring low temper oian 
cryophorus An apparatus used to demonstrate the cooling effect of evapor 
tion. "per n 
cryoscopic method Freezing-point method. The determination of the re wae 
molecular mass of a dissolved Substance by noting the depression of freez 
Point produced by a known concentration of it in solvent. | 
cryostat A vessel in which a specified low temperature may be maintained. 


s * ists of à 
uperconductivity. The simplest form consists O! 


tructure of their /attices, or according to 


ovii als ), 
m together, i.e. electrovalent (or ionic cryst 
covalent crystals, or metallic crystals. 


crystal counter A counter tube that depends upon a crystal in which the elec 
trical conductivity is momentarily increased by an ionizing event. Ana 

Crystal detector See detector. A fine wire (‘cat’s whisker’) in contact eo is 
crystal of galena (PbS) or other suitable semiconductor. This arrangemen 


à . ; the 
a good conductor of electricity in one direction, and suppresses most of 
flow of electricity in the other direction. 


crystal lattice See /attice. 

crystalline Consisting of crystals or havin 
or molecules characteristic of crystals ( 

crystallite A small crystal, as in a microcrystalline substance. 

crystallization The formation of crystals in a liquid or gas. 


crystallography The study of the geometrical form of crystals. See X-ray crys- 
tallography. 


ions 
8 a regular structure of atoms, 105; 
as in metals ). 


crystalloids Substances that, in solution, are able to pass through a semiperme- 
able membrane; substances that do not usually form colloidal solutions. "m 
crystal microphone A microphone in which the sound waves to be ampli 


or Lransmitted vibrate a piezoelectric crystal, which generates a varying 
E.M.F. : 


crystal oscillator A source of electrical oscillations of very constant Lg geo 
determined by the physical characteristics of a piezoelectric crystal. 
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crystal, : ane TH eais 
usually quartz, either produces the oscillation in a tuned circuit or 
artz clock. 


E. toa tuned circuit to control its frequency. See qu 

produced em wis. in à record player in which the varying E.M.F. is 

from the un Mc ripe gi crystal i : result Eis the vibrations obtained 

Crystal rectifier A e groove of the record. mn 
semiconductor diode used as a rectifier, usually in a manner AR 


c Similar to a diode valve. 
em phas: The seven classes into which crystals are divided: cubic, tet- Ag 
definitio orthorhombic, hexagonal, trigonal, monoclinic, and triclinic. The” <a 
Nir e T. of each class depends on the relative lengths of the sides of the 
cS C ell and the angles between them. 
« ~s H4 CICH:C(CN);. A white powder, m.p. 52°C., used as a tear gas and 
rassing agent’ in crowd control. It causes tears, salivation, choking, and 
A painful breathing. 
p l. A regular hexahedron; à regular solid figure with six square faces. 2. 
a third power of a number. E.g. 8 is the cube of 2,27. mR 
th root V/. The cube root of a number is the quantity that when raised to 
Hm third power gives that number. Thus 2 is the cube root of 8. 
Cübic centimetre cm? or cc. A metric unit of volume sometimes used synony- Rc 
mously with millilitre, ml., one thousandth of à litre, although the litre is 
no longer used for accurate measurements. 
it cell is a cube. In the simple 


cubic crystal A crystal system in which the un | 
‘nts at the cube's eight corners. See also 


Cubic system there are lattice poin 
body-centred. 

culture medium A nutrient preparation used for growing and cultivating © 
microorganisms for experimental purposes. 7 

cumene (1-methylethyl)benzene. Cg H, CH(CH3)2- ^ colourless liquid aromatic Eu 
hydrocarbon, b.p. 152°C. It occurs d is used as an intermedi- — | 
ate in organic synthesis. 

Cupellation The separation of silver, gold, and ot 
ties that are oxidized by hot air. The impure 
flat dish made of porous refractory material, 


directed upon it in a special furnace. The impuriti 
and are partly swept away by the blast and partly absorbed by the cupel. 


cuprammonium ion The bivalent tetraamminecopper(11) cation, [Cu 
(NH;),]? +, formed by copper with ammonia ligands. Cuprammonium solu- l 
tion was used in the manufacture of rayon by the now obsolete cupram- TM 
monium process. See Schweitzer's reagent. 

cupric Containing copper in its +2 oxidation state, €. cupric chloride, cop- 
per(II) chloride, CuCl). 

cupric oxide See copper oxides. 

EADEM sulphate See copper sulphate. 

cuprite See copper oxides. 

cupro-nickel An alloy of copper and nickel used in coinage. 

- cuprous Containing copper in its +! oxidation state, €.g. cuprous chloride, wd 

copper(I) chloride, CuCl. n d 

cuprous oxide See copper oxides. 


in petroleum àn 
her noble metals from impuri- | 
metal is placed in a cupel, a p 
and a blast of hot air is "d 
es are oxidized by the air 


" 4 


95 


pom 


CURARE 


curare A very poisonous material, containing certain alkaloids. Obtained from 
various South American trees. mss. 
curie A measure of the activity of a radioactive substance (see radioactivity ¥ 
Originally defined as the quantity of radon in radioactive equilibrium Wi n 
l g of radium, it is now extended to cover all radioactive isotopes Wet 
defined as that quantity of a radioactive isotope that decays at the rate a 
3.7 x 101? disintegrations per second. See becquerel. Named after Madam 
Marie Curie (1867— 1934). Ne. 
Curie point Curie temperature. The temperature for a given ferromagnetic e 
Stance above which it becomes merely paramagnetic. Named after Pie! 
Curie (1859— 1906). f | 
Curie’s law The magnetic Susceptibility of a paramagnetic substance is inverse y 
proportional to the absolute temperature. Named after Pierre Curie. y 
curium Cm. Transuranic element, At. No. 96. A radioactive actinide whos 


most stable isotope, curium-247, has a half-life of 1.6 x 107 years. 
current See electric current. 


current balance An instrument for the determination of an electric current E 
measuring the force that the current produces between conductors. A p à 
mon type consists of two similar coils attached to the extremities Mo. 
balance arm. Above and below each of these coils is a fixed coil. The ed 
coils are connected in series in such a way that when the current is allow is 
to pass through them, the beam experiences maximum torque. The beam db 
Testored to its horizontal equilibrium position by means of a known (o IS 
Supplied by a rider sliding along the arm. From the known torque and 
Beometry of the system the current can be calculated. - 

current density 1. The current flowing through a conductor, plasma, etc., pe 
unit cross-sectional area. It is usually expressed in amperes per squa 
metre. 2. (in electrolysis) The current flowing per unit area of electrode. 

cursor A transparent slider on a measuring instrument, slide-rule, etc., or an 
indicating device, such as a spot of light, on a VDU. °C 

cyanamide NH;CN. A colourless crystalline unstable substance, m.p. 44°C: 
See also calcium cyanamide. 

cyanate Fulminate. A salt or ester of cyanic acid (fulminic acid). 

cyanic acid HOCN. An explosive liquid, with the structure H-O—C=N, also 
known as fulminic acid. Its salis, the cyanates (or fulminates) are also 
explosive. Cyanic acid is isomeric with isocyanic acid, with the structure 
—N=C=0. 


cyanide A salt of hydrocyanic acid, HCN. All cyanides are intensely poison- 
ous. 4 

cyanide process The extraction of gold from its ores by dissolving the gold m 
a solution of potassium cyanide, KCN, reducing the resulting pons 
aurocyanide, KAu(CN);, with zinc, filtering off, melting down, and cupe) 
ling (see cupellation ) the metal. ` " 

cyanine dyes 4 group of dyes containing a chain of carbon atoms with conju- 
gated double bonds forming a bridge between two Aererocyclic nuclei. They 
are used for photographic sensitization. 


cyanite Al,SiO;. A blue mineral consisting of aluminium silicate, used as a 
refractory. 
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Ee Vitamin Biz. Ce3 HooO1 4 No 4 PCo- A red crystalline soluble 
perc i tained from liver, eggs, fish, etc.. used in the treatment of 
me naemia, and to promote the growth of livestock. 
Bond: INE A colourless, very poisonous gas with a smell of bitter 
QUSS B n its chemical properties 1t resembles the halogens, forming cya- 
hide: ogous to the chlorides. It is prepared by heating, mercury(II) cya- 
pano group The univalent radical —CN. 
Cyanoguanidine See dicyandiamide. 
eee acid Tricyanic acid. C3H303N3.2H20. A white crystalline soluble 
a stance, used in organic synthesis. It consists of a six-membered ring of 
hon uns —NH- and —CO- groups. 
oe The theory of communication an 
Bs and machines. 
po The tendency of molecules in liquids to form regularly arranged 
S oups, resembling crystals. See liquid crystals. 
yclamate See sodium cyclamate, calcium cyclamate. ! 
cycle (phys.) Any series of changes or operations performed by or on à Sys- 
lem, which brings it back to its original state. Eg. the frequency of an 
alternating current is measured in cycles per second. (See also hertz.) 
Boke tonem) Having a ring structure. See carbocyclic and heterocyclic com- 
nds. 


Cyclic figure (math.) A figure through 
Circle may be drawn; a figure inscribed in a circle. 
eed quaai) A four-sided plane rectilinear figure through the vertices of 
ch a circle may be drawn. The pairs of opposite angles are supplemen- 
tary (i.e. total 1807). 
Cyclization The conversion of an open chain molecule into a cyclic compound. 
Cycloalkane A saturated cyclic compound with the general formula C, Hzn: 
They are chemically similar to the alkanes but are less reactive. See cyclo- 
hexane; cyclopentane; cyclopropane. 
cyclohexane C, H;5. A colourless flamma 
consisting of a six-membered ring. It is used as a 
facture of plastics. 
cyclohexanol Cg H;,OH. A crystalline 
161.1*C., used as a solvent. 
B cycloid A figure traced out in space by a point on the circumference of a 
circle, which rolls without slipping along a fixed straight line. 
cyclonite Hexogen, R.D.X.*. (CH;N.NO3). A Very powerful explosive made 
from hexamine. [ 
cyclopentane C, Hg. A colourless liquid cycloalkane, b.p. 49.2°C., obtained 
from petroleum and used as a solvent. 
cyclopropane C3H6. A colourless flammable cycloalkane gas,oused as an 
anaesthetic. 
cyclotron An accelerator for i ing to chi 
tudes energies of several Braet ey, 
are caused to traverse a spiral path between twi 
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d control mechanisms in living 


all the vertices or corners of which a 


ble liquid cycloalkane, bp. 81°C., 
solvent and in the manu- 


soluble substance, m.p. 25.1°C., bp. 


arged particles of atomic magni- 1 
js. The ions or charged particles 
o hollow semicircular elec- 


Xx. - D SR RD ^ 


CYLINDER 


7 c- 
trodes, called dees, by means of a suitable magnetic field applied pepe 
ularly to the plane of the dees. At each half-revolution the partic! em an 
and energy increase of some tens of thousands of electron-volts 
oscillating voltage applied between the dees. side as 
cylinder A solid figure traced out by a rectangle rotating round one E 
axis. For a cylinder having vertical height A and radius of base 7, 
volume is zr?5 and the total surface area 2ar(h + r). endix; 
cysteine A crystalline amino acid, present in most proteins. See App! 
Table 5. A S 
cystine An insoluble crystalline amino acid, m.p. 247-249*C., which form 
cysteine on reduction. See Appendix, Table 5. 
cytochemistry The chemistry of living cells. 3 APN 
cytochrome A respiratory pigment widely distributed in aerobic ae O 
consists of proteins with an iron prosthetic group similar to that o Ee 
globin. The oxidation of cytochrome by molecular oxygen, and its ME 
quent reduction in the cell, is the principal route by which atmosp 
Oxygen enters into cellular metabolism. sy have 
cytokinins Plant hormones that Promote cell division in plants. Mr 
potential uses in Prolonging the freshness of vegetables and cut flowi 
cytology The study of the Structure and function of living cells. ir sult 
cytolysis The dissolution of cells, Particularly by the destruction of thei 
face membranes. 


cytoplasm The protoplasm of a living cell outside its nucleus. 


E " m.p. 
cytosine Aminopyrimidone. C4H5N50. A white crystalline. substance, P: 
320—325*C. One of the pyri 


A i f the 
midine bases that occur in the nucleotides ol 
nucleic acids and play a part in the formulation of the genetic code. 
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ce magnetism, terrestrial ). The 


daily variati 
y variation of the Earth's magnetic field (S 
magnetic declination, and dip 


s irre 
Bua variation of the horizontal intensity, 
SM g over a period of a day. 
Dm alternative name for the atomic mass unit. 
Daltoni age theory See atomic theory. 
more law of partial pressures. The total pressure of a mixture of two or 
ore or vapours is equal to the sum of the pressures that each com- 
as the ea exert if it were present alone, and occupied the same volume 
dampin whole mixture. Named after John Dalton (1766-1844). 
E RA decrease in the amplitude of an osci or wave motion with 
Daniell ce also critical damping. 
in | cell A primary cell having à negative pole of amalgamated zinc, stand- 
5 in a porous pot containing dilute sulphuric acid. This pot stands in 
EH sulphate solution, which also contains the positive pole, a copper 
(i - On completion of the external circuit, a current flows and the follow- 
E JECacpons take place: at the negative pole, zinc is dissolved, zinc 
Panne being formed; at the positive pole, copper is deposited. The 
dir F . is 1.1 volts. Named after J. F. Daniell (1790-1845). 
dark he practical unit of elastance; reciprocal of the farad. 
eae illumination A device used in microscopy, whereby transparent Or 
ained objects are made to appear as bright particles on à black back- 
und 
mas theory The theory of evolution proposing that different species arise 
di the process of natural selection. See also neo-Darwinism. Named after 
harles Darwin (1809-82). 


lation 


dash-pot A mechanical damping device that depends upon the fact that when 
à body moves through a fluid medium, viscous forces are set up, which 
damp the motion of the body. It usually consists of a piston, attached to 

the part whose movements are to be damped, fitting loosely into a cylinder 

containing either air or oil. 
mE An instrument for determinin; 

faase A collection of data stored in à ul ! 

l t it can be extracted in various Ways, under various headings. For exam- 

ple, the information in this dictionary is stored in à computer and coded 
age that all the entries relating to chemistry, say, ên be extracted. 

nee The determination of the age of mineral, fossil, or wooden objects by 

red their radioactivity. See also fission-track dating; radiocarbon dat- 

UC ERU E dating; rubidium-strontium dating; uranium-lead dating, 
agente ive age; thermoluminescence. 

RES ae Beas bond. A covalent type of bond in which both electrons 
Davy | e bond are donated by one atom. See valence. 

vy lamp See safety lamp. ` 


g the density of a gas. 
computer and coded in such a way 
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DAY 


: " ay is the 
day The time for the Earth to revolve once on its axis. The solar day i: 


A n tO 
between two successive returns of the Sun 


time taken for one revolution 


. e of the 
the meridian. The mean solar day of 24 hours is the mean value E is 
solar day for one year. The sidereal day of 23 hours 55.91 min 


2 "s orbital 
measured with respect to the fixed stars and therefore the Earth's orl 
motion has also to be taken into account. 


d.c See direct current, 


E f, 
richloroethane. (C; H;CI),.CH.CCl. A white powde 


^. with a fruity smell. It is used as a contact insecticide altho! gh 


and can accumulate in cattle and other animals high in the food chain. 


deaminase An enzyme that ca 


compound. 
deamination The remov. 
Dean and Stark meth 


a om à 
talyses the removal of an amino group fr 


al of amino groups from a compound. on 
od A method of estimating the quantity of water 


Ee MUTET HAUS into 
oil or other liquid substance. The liquid under examination is disi 
a special reflux condenser so constructed that the water is prevente H 


running back into th 
measured and thus th 
be calculated. 


where A is Planck's 
1892). 


debye A unit of molecular 
unit or 3.335 64 x 10-30 


(1884— 1966). 
Debye and Huckel's 
tion. 
deca- Prefix denotin: 
10 metres. 


decane CioH22. A liquid 
several isomeric forms. 
decanoic acid Capric acid. CyH 
with an unpleasant odour, 


is 
e distillation flask. The volume of water colle 
€ water content of a known mass of initial liqui 


tic 
dipole moment equal to 1 x 10- !5 pce 
coulomb metre. Named after Peter J. W. 


25 sgait 
theory of electrolytic dissociation. See electrolytic dissoci 


& ten times in the metric system. Symbol da, e.g. dam = 


in 
paraffin hydrocarbon, b.p. 174.1°C., that occurs } 


: i id 
19COOH. A white crystalline organic Ns 
m.p. 31.5*C. Decanoate esters are used in 


manufacture of flavouring substances and perfumes. 


decantation The separati 


ion of a solid from a liquid by allowing the former to 


settle and pouring off the latter. : i (or 
decay 1. The transformation of a radioactive substance into its decay 


daughter) products. ( 


; icle 
See radioactivity). 2. The transformation of a partic 


into a more stable particle. See also beta decay; half-life. 
decay constant See disintegration constant. 


- 01 
deci- Prefix d^noting one tenth in the metric system. Symbol d, e.g. dm — 0. 


metre. 
decibel One tenth of a 


bel. A unit for comparing levels of power. Two power 


levels, P, and P,, are said to ‘differ by n decibels when: 


n= 10 logio P5/P, 
100 


"mm 


This unit i 
E or often used to express sound intei 
Teference le d sound under consideration an 
frequency. vel, often the intensity of the lowest audible not 
declination. 
nation x. ; 
GRAN (astr.) The angular distance of a heavenly body 


declinati E 
EE oui magnetie See magnetic declination. 

Neee., (chem.) The breaking up of chemical compounds under various 
Tent (electr res by chemical action, by heat (pyrolysis ), by an electric cur- 
lation, ‘olysis ), by biological agents (biodegradation ), etc. See also degra- 


decre itan 

nene bursting or cracking of crys 

defect A di Binly due to expansion of water will 

A EON dn in the pattern of atoms, ions, OF $ 

Caused b e ect consists of a vacancy or an interstitial. A "ne. 

of hol Y a dislocation. In a semiconductor, ‘defect conduction 1 
le conduction in the valence band. 


Erat See epicycle. 
uc Y, disenses Diseases produced by lack of a particular vitamin, amino 
s unera, or other essential food factor in the diet; e.g. scurvy, caused 
TEN € deficiency of vitamin G: 
efiniti, integral See integration. 
SDi ion 1. The sharpness of an 
or ical system. 2. The accuracy of sound O 
ef television set. 
ormati E 
Tmation An alteration in the size OF shape of a body. 


defi a ; 
lormation potential The electric potential that acts on a free electron in a 


Edu or semiconductor as a result of deformation of the crystal lattice. 
SENS The demagnetization of a magnetized substance, achieved by sur- 
ing the substance with a coil carrying an alternating current of ever- 
denos ME magnitude. 
erate gas 1. A state O! 


DEGREES OF FREEDOM 


nsities. In this case, P; is the 
d P, is the intensity of some 
e of the same 


from the celestial 


tals of certain substances on 


hin the crystals. 

or electrons in a crystal. 
A ‘line defect’ is 
s a result 


mirror, or other 


image formed by a lens, 
uction in a radio 


r vision reprod 


f matter in which electrons and atomic nuclei are 
Packed too closely together for the evolution of nuclear energy; it is 
lieved to occur in stars of the white dwarf class. 2. A gas in which the 
Tecan of particles causes à significant departure from the classical 
t Boltzmann distribution. 
SETA (chem.) In general, the bre: 
macroin Specially the stepwise decrease 9 
degree 1 olecules. See also depolymerization. 
du . A subdivision of an interval in a scale of measurement ; eg. the 
the ius degree. 2. A measure of angle. One three hundred and sixtieth of 
0, MEUS traced by the complete revolution of a line OA about the point 
the ntil it returns to its original position. 3. The sum of the exponents of 
RU In a mathematical expression; the exponent of the derivative of 
degree of Font fo CUE ei ; 
degrees of eM longitude See /atitude; longitude. y 
the phase rule th (chem.) 1. The least number of independent variables in 
i deBhessibe:state of avsystem (e^ we-temperature and 


akdown of molecules into simpler frag- 
the length of polymer 
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DEHYDRATION 


this 
pressure in the case of a gas ) that must be given definite values uw 
State is completely determined. 2. The number of independent ] ener- 
Which a molecule may possess translational, vibrational, or rotational 
gies. val 
dehydration The elimination or removal of water; usually the s! acts 
chemically combined water. E.g. concentrated sulphuric acid, His o ygen 
as a dehydrating agent on Substances that contain hydrogen an 
and removes these in the Proportions in which they occur in water. o 
dehydrogenase An enzyme that catalyses oxidation reactions by the remo 
hydrogen from the substrate. 
dekatron A gas- 
by ten cathode: 
glow discharg 
tube may be 
delayed neutro; 


| of 


| of 


ay in 
ponent or circuit designed to introduce a calculated delay 
the transmission of a signal. + to such 
deliquescent Having the Property of picking up moisture from the d : 
an extent as to dissolve in it; becoming liquid on exposure to air. „phase 
hod of connecting the three windings of a sd sup- 
- The windings are connected in series, the three-pha 
m, or put into, the three junctions. cts between 
delta-iron An allotropic (see allotropy ) from of pure iron that exists 
1400°C. and the melting point. nts of 
delta metal An alloy of copper (55%) and zinc (43%) with small amou 
iron and other metals. Ea article. 
delta ray An electron ejected from an atom by a fast moving ionizing p erties. 
demagnetization The process of depriving a body of its magnetic Pror iA a 
The ‘demagnetization energy’ is the energy that would be released 
body is completely demagnetized. arat- 
demodulation The process, in a radio, television, or radar receiver, of SPA is 
ing information from a modulated carrier wave. The equipment us 
called a demodulator or a detector. , fit for 
denature 1. To add some poisonous substance to ethanol to make it un toa 
human consumption, e.g. methylated spirits. 2. To add another Cur 
fissile material to render it unsuitable for use in a nuclear weapon. E? by 
produce a structural change in a soluble protein, either chemically es an 
heating, so that it loses most of its solubility. It usually involv 
unfolding of the polypeptide chain. I ro- 
dendrite 1, (chem.). A many-branched crystal. 2. (bio.) The branching Hen 
cesses of a neurone that carry impulses into the ce// body and 
Synapses with the axons of other neurones. 45 AE ohitrees nit 
dendrochronology A method ‘of dating based on c growth rings hare 
IRR HM MP trees grown in de same climatic conditions have a char- 
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DEPRESSION OF FREEZING POINT 

acteristi " y r P 

i pattern of growth rings. This enables some fossil trees or wooden 
daiola ogical specimens to be dated. 
eager’ d The branch of botany concerned wit 

MEM E bacteria Bacteria in the soil that, in the absence of oxy, 
denomin: itrates and nitrites with the evolution of free nitrogen. 

X ator (math.) The number below the line in à vulgar fraction e.g 4 in 


h trees and shrubs. 
gen, break ¥ 


densi 
E An instrument for the measurement of the density of an image à 
density Th by light, X-rays, gamma rays, etc, on 2 photographic plate. — 
E eu ,mass of unit volume of a substance. In SI units density is 
centimet [n kilograms per cubic metre, in 8-5: units in grams per cubic 
g EE and in fp.s. units in pounds per cubic foot. 1kgm^- 10 EE 
density zs 0.0624 28 Ib ft~3. See also relative density, vapour density. 4 
eRe ae If one medium has a greater refractive index than another for 
wavel a given wavelength, then it has the greater optical density for that l: 
de avelength. 
: rate The degree of opacity of a 
Pea romueltic (desoxyribosenucleic) acid DNA. Long thread-like molecules 2 
cal In chromosomes and some viruses, consisting of two interwound heli- d 
chains of polynucleotides. The sugar of all the nucleotides 1s 2-deoxy-D- { 
; rized by one of the four following ‘ 
^ 


part of a negative or trans- 


ri , 

(ee but each nucleotide is characterize i 

ds e bases: adenine, cytosine, guanine, and thymine. DNA molecules 
of eee for storing the generic code by the order of the arrangement t 
Mrd nitrogenous bases, three bases coding for one amino acid. The 
sides ure of a DNA. molecule has been likened to à twisted ropc-ladder, the 
[Len which consist of sugarphosphate chains, the rungs of linked nitrog- 3 
h bases. The rungs consist of complementary base pairs linked by " 

ae drogen bonds. f 

EEUU A substance used for removing hair. ais 
Pleted material A material that contains less of a particular isotope than it i 
normally possesses, especially a nuclear fuel that contains less fissile iso- = 
topes than natural uranium, e.g. the residue from an isofope separation : 


Plant or a nuclear reactor. 
miconductor in which the 


d F 
pletion layer Depletion region. The region of a sel | 
ensity of mobile carriers is too low to neutralize the fixed charge density í 


of donors and acceptors. It forms at an interface between two regions of i 
be ifferent conductivity. 
EON The prevention of electrical polarization in a cel. In the 
clanché cell polarization is Teduced by surrounding the positive carbon 
pole with manganese(IV) oxide, MnO». This oxidizes the hydrogen liberated 
v the pole, the chief cause of polarization. > s 
Aple angle of If B is a point below the level of another point A, the i 
Fs I of depression of B from A is the angle that AB makes with the -- 
ams ontal plane AX through A. See Fig. 1l. 
pression of freezing point Lowering of the freezing point of a liquid when a 
ô he depression is propor- E 


solid is di: es - 
aa in it. With certain exceptions, t 
e number of molecules or ions present (see colligative property ), 
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DEPTH OF FIELD 


and the depression 
stance is a constan 
method for the dete 


z sub- 
produced by the same molar concentration of EU 
t for a given solvent. This gives rise to the cr) 
rmination of relative molecular masses. 


Figure 11. 


ther 
The range over which a camera, or Ol 
€ a distinct image of an object. : epa 
derivative (chem.) A compound derived from (but not necessarily P 
from) some other compound, usually retaining the general SUC Denzel 
parent compound; e.g. nitrobenzene, CsHsNOz, is a derivative o ed by à 
CsHg, one hydrogen atom in the molecule of the latter being replac 
nitro group. = mathe- 
derivative (math.) Derived function. The result of differentiation of a 
matical function. See Appendix, Table 9, 
derived unit See base unit. 


+ suitable 

desalination The process of removing salt from sea-water to make itae but 
for agricultural purposes or for drinking, Various methods are possi te heal 
to make the process commercially viable on a large scale, the istillation. 
from a nuclear Power station is used to provide the energy for our 
freezing, electrodialysis, ion exchange, or reverse osmosis. In some © 
solar energy can also be used. 

3 desiccation Drying; removal of moisture. 


. d for 
desiceator An apparatus used in laboratories for drying substances an' 


"n f a 
Preventing hygroscopic substances from picking up moisture. It con nid 
glass vessel, with a close-fitting ground lid, that contains some hygr 
substance, e.g. phosphorus( V) oxide, P05. olid so 
desorption The removal of molecules, ions, etc., from the surface of a s 
that they become gaseous; the reverse of adsorption. roduce 
destructive distillation Carbonization. Heating a complex substance to ered 
chemical changes in it, and distilling off the volatile substances oct vil 
E.g. the destructive distillation of coal was formerly used to pro! 
8as and many other valuable products. À Aer arated 
detector That part of a radio Teceiver in which the information is ee an 
from the. modulated carrier wave. It is now more usually called a 
lator. See demodulation; crystal detector. r 
detergents Washing or cleaning agents, usually consisting of surfactants © 
mixtures of these with othez agents for specific purposes. ~ in RE 
determinants An algebraic method of solving simultaneous equations in 
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depth of field Depth of focus, 
optical instrument, will produc red 


| a > hu. Tia "DS acu 
DEWAR FLASK 1 " 


àn expressi 
Xpression is wri : 
> Cb ik s written out in a square array. Thus, the determinant of 
2b, is written: x n 
abı 


azb2 


y the action of 


rap tin-plate b 
in( IV) chloride, 


detinni; 
nning The 
e recovery of metallic tin from sci 
form volatile t 


chlorin 
e, whi K 
à SnCl,. hich combines with the tin to 
etonati, 
tonating pas à 
ie. in Wem "s mixture of hydrogen and oxygen in 
: When ignited ume ratio required to form water. It is extrem 
letonati i 
on Ext s ; p. 4 š 
shock wave. e rapid combustion that takes place within a high velocity 
Occur durin 3 used loosely to describe the combustion reactions that 
g knocking or ‘pinking’ in an ini bustion engine. 


leuterated co, ternal-comi 
hydrogen, mpound A compound containing some deuterium in P 


deuteri 
rium 2 
mass Se The isotope of hydrogen with mu 
Soci, The abundance of deuterium in natu 
s in heavy water as the oxide HDO (about om 


or D;O 
fractis (about one molecule in 36 X 105), from whicl 


a volume ratio of 2:1; 
ely explosive 


lace of 


ass number 2, and atomic 
ral hydrogen is 0.015696. 
e molecule in 6000) 
h it is obtained by 


varda’, 
developin, alloy An alloy of 50% copper, 2 
g, photographic The action of certain chemicals, usually organic 

film in order to bring 


reduci; 
out ihe eee on an exposed photographic plate or 
atent image. The developer reduces those areas of the silver salts 
tallic silver. This remains as à black 


that 

Be eet exposed to light to me 
eviatio, > ee photography- 

Bede (statistics) The differen 

Ed the set. The ‘mean de 
eviatio, ons of the set. 

Anger ble of The difference between the angl 

See Fig 4 gaps when a ray of light passes from one me 
vitrification - 

ae The crystallization of glass, which is normally an amorphous 

loses its in a metastable state; when crystallization takes place, the glass 
dew Li j characteristic state of clear transparency- 

the uid water produced by condensation of water 

wperature falls sufficiently for the vapour to rea 


values and the 


a set of 
] the individual 


ce between onc of 
ean of al 


viation’ is the m 


e of incidence and the 
dium to another. 


vapour in the air when 
ch saturation. 
rarures differing 


ewar 
Lom ied A glass vessel used for keeping liquids at tempe! 
at of the surrounding air. This is done by reducing to a minimum 
It consists of a double- 


d the air. 
o walls exhausted to à Very high 


inner surface: vection. and conduction. The 
fion tardes pe the walls are silvered to reduce transfer of heat by radia- 
keep down of contact between the two walis are kept at a minimum to 
(13420) 945 e te of heat. See Fig. 12: Named after James Dewar 


the 

walled Hash of heat between the liquid an 

vacuum. i with the space between the twi 
„ to minimize transfer of heat by co” 
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DEW POINT 


MODERN THERMOS FLASK 


COVER 


CORK 


DOUBLE WALLED 
GLASS BOTTLE 


VACUUM 


SILVERED 
SURFACES 


Figure 12. 


dew point The temperature at which the water vapour present in the air alU 
Tates the air and begins to condense, i.e. dew begins to form. hy- 

dextrin British gum, starch gum. A mixture of gummy polysaccharide car! bohy" 
drates obtained by the partial Aydrolysis of starch. ight 

dextrorotatory Rotating or deviating the plane of vibration of polarized ie 
to the right (observer looking against the oncoming light). See polariza 
of light. 

dextrose See glucose. 

diacetyl See butanedione. near 

RU nal A line joining the intersections of two pairs of sides of a rectiline 
gure. 

dialysis The separation of colloids in solution from other dissolved substances 
by selective diffusion through a semipermeable membrane. Such a membran 
is slightly permeable to the molecules of the dissolved substances, but nO 
to the larger molecules or groups of molecules in the colloidal state. 4 

dialyzed iron A colloidal solution of iron(III) hydroxide, Fe(OH);. A deep r*' 
liquid, used in medicine. is 

dialyzer 1. An arrangement for effecting dialysis. The solution to be dialyzed f » 
placed a a vessel in which it is separated from water by a semipermea 
membrane, this is not permeable to the substance in the colloidal states 
Which will eventually remain as a pure solution on its side of the mem 
brane. 2. An artificial kidncy that replaces the function of diseased kidneys, 
by separating the body's nitrogenous waste by dialysis. 
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DI(BENZENECARBONYL) PEROXIDE - 


diamagneti 
gneti: 
sm The property of a substance that has à small negative magnetic 
hange in the orbital 


Susceptibility F 

Es type of magnetism is due to a cl 

application of electrons in the atoms of the substance consequent on the 

Substances, See external magnetic field. The phenomenon occurs in A 

much greate ough the resulting diamagnetism is often masked by the 
‘ater effects due to paramagnetism OF ferromagnetism. 


ree See circle. 

»6-diami : 

Hloninohean Hexamethylenediamine. Hy N(CH2)e NHa- A soluble 
substance; m.p. A122 GNE 204°C., used in the manufacture of 


ae 
amoni , 
d A natural crystalline allotropic form (see allotropy) of carbon. $ 3 
ed by traces of impurities; 1t 


col. 

‘seis pure, but is sometimes colour į id 
hardest sub igh refractive index and dispersive power. Diamond is on of the 
in its cryst Pn) known (owing to the covalent bonds between the atoms 

Or cuttin: als) and is transparent to X-rays (imitations are not). It is us 
diastase A, g tools and drills, and as a gem | 

during ps enzyme contained in malt, which converts starch into maltose 
diatherm: rewing. See also amylase. 7 

ead The property of being able to transmit heat radiation; it 1S 
diatoma to transparency with respect to light. 
diatomi ceous earth See kieselguhr. 

ic (chem.) Consisting of two atoms 


2- 

di; 
E pounds Organic compounds containing two adjacent nitrogen atoms, 

e ch may form an azo group. but only one is attached to a carbon atom, 
a benzenediazonium chloride 6 ,N*eNCI, diazomethane 
Denm N=N [where — denotes a coordinate (dative) bond and 
gn nediazohydroxide, C6H5 N:NOH. Aromatic diazo compounds are of 
d eat importance; by 420 coupling they give azo compounds used as dyes, 
Tugs, etc. They are prepared from aromatic amines containing —NE2 


groups, the simplest of which is phenylamine (aniline). A salt of the amine 
is treated with nitrous acid, which converts —NH, into the diazonium 
group, -N *—N, à process known as diazotization. The resulting diazo- 
nium salt can be used for azo coupling. 


diazomethane CH;N;. A highly poisonous and explosive yellow gas. It is 
ed for this purpose as required, 


used as a methylating agent and prepar 
sud in eon. ui d 
azonium compounds Organic compounds of the general formula RN *X 
Sen R is an aryl radical, RN * 15, cation; and X « isian, anion. E.g. 
benzenediazonium chloride, CsHs AC is a typical diazonium salt. 
iazonium salts are prepared by diazotization (see diazo compounds ) of 
N rd an important stage in the production of azo dyes. 
dis otization See diazo compounds. 
libasic acid. An acid containing t 
E acid ging rise to two series 
eA 2504, which gives rise 
di(benzenecarbonyl) peroxide Benzoyl peroxide. (C6H5 C0); €»- An insoluble 
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in a molecule; €. hydrogen gas, 


wo atoms of acidic hydrogen in a molecule; 
and acid salts; ¢.8. sulphu- 


of salts, norm: 
to normal sulphates and hydrogen- 


DIBROMOETHANE 


] ils, 
crystalline explosive solid, m.p. 106-8°C., used in bleaching flour, fats, O 
etc., and as a catalyst. sting inita 
dibromoethane Ethylene dibromide. C;3H;Br;. A volatile liquid sd o 
isomeric forms. The common isomer 1,2-dibromoethane, m.p. D and as 
131°C., is used in conjunction with anti-knock compounds in petrol a 
a solvent. sed as à 
dibutyl oxalate (C4HgOOC);. A colourless liquid, b.p. 243.4°C., use 
solvent and in organic synthesis. d as à 
dichlorodifluoromethane CChF;. A colourless gas, b.p. -29*C., use 
refrigerant and as a Propellant for aerosols. ;v toxic 
dichloroethane. Ethylene dichloride, Dutch liquid. C, H,Cl,. An oily 12- 
liquid existing in two isomeric forms. The common isomer n the 
dichloroethane, m.p. —35°C., b.p. 84*C. is used as a solvent and i 
manufacture of polyvinyl chloride. 
dichloromethane Methylene chloride. G 


H35Cl;. A colourless volatile liquid, b-P- 
40.1*C., used as a soly, 


ent, a refrigerant, and an.anaesthetic. em 

of some crystals, such as tourmaline, that ae n is 

rs if light falls on them from different direction: an 

caused by a difference in the extent to which the ordinary ray an 
extraordinary ray are absorbed. On, e£ 

dichromate A salt of the hypothetical dichromic(VI) acid, H)Cr,07, 
potassium dichromate(V]), K;Cr0;. 


© are f car- 
dichromate cell Bichromate cell. A primary cell having a positive pole o! 


ion o! 
bon and a negative pole of zinc in a liquid consisting of a uin. 
sulphuric acid, H2504, and potassium dichromate, K2Cr207, the jee The 
ing as a depolarizing agent (see depolarization ) by its oxidizing action. 
E.M.F. is 2.03 volts. 
dichromatism A form of colou: 
Spectrum can be distinguished. e iD. 
dicyanodiamide Cyanoguanidine. H;NC(NH)NHCN. A white Sye EET 
stance, m.p. 208°C., used in the manufacture of melamine and o! 
~ rates and other drugs. RICE 
dielectric A nonconductor of electric current; insulator. A substance in 


5 to a 
an electric field gives rise to no net flow of electric charge but only 
displacement of charge. 


dielectric constant See permittivity. : " rial is 

dielectric heating A form of heating in which electrically insulating Am from 
heated by being subjected to an alternating: electric field. It E ipe cf 
energy being lost by the field to electrons within the atoms and molec eds 
the material. In industrial dielectric heating the material to be hea oi 
placed between the Plates of a capacitor connected to a high frequ 
power source. y , ic 

dielectric strength The maximum voltage that can be applied to a ones 5 
material without causing it to break down; usually expressed in voi On 
mm. See table on page 000 for the dielectric strengths of some com 
dielectric materials. 


dielectrophoresis The motion of- electrically polarized (see electric polarization ) 
particles in a non-uniform electric field. 
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the 
r blindness in which only two colours of 


DIFFRACTION GRATING 


ied reaction A method of preparing a benzene ring from a conju- 
bites Aes and a compound containing a single double bond (e.g. 
E i ioic acid) called a dienophile. Named after Otto Diels (1876—1954) 

urt Alder (1902—58). 


dien "m 
e An unsaturated hydrocarbon containing two 


diene. 
Di i sz p 
esel engine A type of internal-combustion engine that burns heavy oil. A 
reby heated to the ignition 


EE of air and oil is compressed and thei 

emperature of the oil (about 540°C.). Named after Rudolf Diesel 
(1858-1913). 

et oil See gas oil; petroleum. 

b "diethoxyethane See acetals. 

je amine (C)Hs)2NH. A colourless liquid wit 
ia, b.p. 55°C., used in pharmaceuticals and int 


ae ether See ethoxyethane. 

aimed calculus A branch of mathematics that deals with continuously 
'arying quantities. It is based upon the differential coefficient of one quan- 
uty with respect to another of which it is a function. Used for solving 
problems involving the rates at which processes occur and for obtaining 

A maximum and minimum values for continuously varying quantities. 
ifferential coefficient Derived function, derivative. See differentiation and. 


^ ae Table 9. 
ifferential equation An equation that involves differential coefficients. An ordi- 
one independent variable is 


m differential equation is one in which only 

Solved: The order of a differential equation is the same as that of the 

P ative of the highest order appearing in it; the degree is given by the 
. argest exponent. 

differentiation (bio. 1. The development of cells so that they are capable of 
Performing specialized functions in the organs and tissues of the organisms 
to which they belong. 2. In microscopic specimens, the removal of the 
excess stain from certain parts to show up the structure of the whole. 

differentiation (math.) The operation, used in the calculus, of obtaining the 
differential coefficient; if y = x", the differential coefficient, dy/dx = nx^- '- 
" See Appendix, Table 9. 

diffraction When a beam of light pas 
of an opaque obstacle and is allo 


double bonds, e.g. buta-1,3- 


h a smell resembling ammo- 
he rubber industry. 


ses through an aperture Or past the edge 
wed to fall upon a screen, patterns of 
) or coloured bands (with 
es of the beam, and extend into the 


ference, is due to the wave nat 
phenomenon is CO! 
Fraunhofer diffraction; Fresnel diffraction. 
diffraction grating A device used to disperse a beam of light, X-rays, or other 
electromagnetic radiation into its constituent wavelengths, i.e. Yor producin; 
its spectrum- ]t may consist of any device that acts upon an incident We 
front in She en to ma of a regular array of parallel slits whee 
idth is of the same order E TUM 
as the wavelength of the incident radia- 


the slit W" : 
tion. Such gratings may be prepared by ruling equidistant parallel lines 
on 
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DIFFUSION OF GASES 


$ H The 
to a glass (transmission Brating) or metal surface (reflecting gratin 
grating may be plane or concave, the latter having self-focusing prop. 


T ro- 
diffusion of light The Scattering or alteration of direction of light rays P! 


> jec- 
duced by transmission through frosted glass, fog, etc., or by irregular refl 
tions at matt surfaces, such as blotting paper. 


in 
diffusion of particles The passage of elementary particles through matter 
such a way that the proba 


bility of Scattering is large compared to that O 
capture. 
diffusion of solutions Molecules or ions 
through the solvent, the solution 
phenomenon is similar to diffusion of gases. s of 
diffusion plant A plant for Separating isotopes, based on their different rate: 
diffusion in the gaseous state through a membrane. 
diffusion pump See condensation pump. denote 
digit (astr.) One twelfth of the diameter of the Sun or Moon; used to del 
the extent of an eclipse. 1 
digit (math.) A single figure or numeral; e.g. 325 is a number of 3 digits. 
digital computer A computer that o; 


eely 
of a dissolved substance move fr d 
becoming uniform in concentration; 


(e.g. passing current or not passing current, magnetized or not magnetized). 
Data in this form is Processed in the C.P.U. of the computer by & sb, 
(switches), which obey the instructions of the program. The program is 
held in the store of the C.P.U. in binary form. Wu. "ni 
digital display A method of indicating the reading of a measuring Se zB 
(eg. a voltmeter ), clock, etc., in which numbers appear on a Fy don 
Opposed to a pointer moving round a scale. It is often based on a igi 
or a light-emitting diode. See also liquid-crystal display. ud bare 
digitalis A mixture of glucosides of vegetable origin (e.g. digitonin, digitoxin ), 
used in the treatment of certain heart conditions. - Ni 
digital recording A technique for recording or transmitting sound in 
M rise of the sound aie is sampled some 30000 times per second ene 
the resulting digits are recorded or transmitted. The player or es ver 
verts the digits back into the analogue form. This method is used foi 
high fidelity recordings as it minimizes distortion and patericrence: € 
digitoxin C41Hg40,5. A white crystalline glucoside, m.p. 252—3*C., obtain 
from digitalis and used as a heart stimulant. 
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DIOPTRE 


digitron A v. 
A vacuum tube used to give a digital display of a numerical value. It 


hi 
a oder shaped to form the digits 0-9. 
dihydric = by two intersecting planes. 
1 dino jbe. Containing two hydroxy! groups in a molecule; e.g. a diol. 
phenol, a SENS Catechol, pyrocatechol. Cs Ha (OH)»- A solid dihydric 
23-dihy dro m 5 e used in photography- Seč also catecholamines. 
dilatanc ke utanedioic acid See tartaric acid. 
rigid x m tendency of some colloidal material 
dilation Dil T pressure. Compare thixotropy- 
dilatomet ilatation (phys.). A change in volume. 
du An apparatus used for measuring volume 
dilute Co, y consists of a bulb with a graduated capillary stem- 
dilution AE a large amount of solvent, generally water. r 
reciproci mie further addition of water or other solvent to à solution. 2. The 
solute ks concentration; the volume of solvent in which unit quantity of 
dimagnesi issolved. 
ae trisilicate See magnesium trisilicate. : X 
tion ional analysis A method of checking an expression, equation, or solu- 
ex e a problem by analysing the dimensions of the units in which it is 
Pressed. For example, if an expression is derived to evaluate a physical 
anity its validity can be checked by analysing its dimensions to ensure 
at they are those of the physical quantity to be evaluated. 


di ? 
mU of units The dimensions of a physical quantity are the powers to 
ch the fundamental units (length /, mass ™, time s, etc.) expressing that 
three in length; speed, 


Quantity are raised. E.g. volume, 73, is of dimensions 
f dimensions one in length and -1 in 


Le. length per unit time, //t, is © 


ls to solidify or become more 


1e changes of substances. It 


time, 
dim T 
ed A substance composed of molecules each of which comprises two mole- 
ules of a monomer. 
A colourless flammable liquid, 


dimethoxymethane Methylal. (CH30)2CH2- 

ái .p. 45.5*C., used as a solvent and in perfumes. 

Mmsibylbenzene See xylene. 

En The existence of a substance in two different crystalline forms. 

es Existing in two different cryalline forms. 

hoes ‘An unstable system comprising two neutrons. 
initrobenzene Cg H4(NO35. ^ colourless insoluble crystalline substance that 
exists in three isomeric forms, the most important of which is 1,2-dinitro- 
benzene, m.p. 90°C., which is used in the manufacture of dyes. 


dinitrogen oxide See nitrogen oxides. 

dinitrogen tetroxide See nitrogen oxides. 

diode A thermionic valve containing two electrodes, 
diode is used chiefly for rectification and demodulation. 
pe of a P-N semiconductor junction- 

diols Glycols. Dihydric alcohols derived from aliphatic hydrocarbons by the 
substitution of Aydroxyl groups for two of the hydrogen atoms in the mole- 
f cule. General formula C, H5, (OH) See als» ethanediol. 

dioptre A unit of power of a lens; the powcr of a lens in dioptres is the 


1H 


anode and cathode. The 
Modern diodes con- 


DIOXAN 


: : meu 
reciprocal of its focal length in metres. The power of a converging le 
usually taken to be positive, that of a diverging lens negative. 


*G5 
dioxan(e) (C,H4)20. A colourless flammable liquid cyclic ether, b.p. 101 
used as a solvent and a dehydrating agent. 


"Cr 
lourless crystalline substarice, m.p. pe 
dyes and in analytical chemistry as a de 


es, eg. Wafer has a dipole moment ia 

C m. which indicates that it is triangular ir shape D. 

angle of 105° between the two O-H bonds. 2. A radio aerial consisting 
two rods. 

dipole moment See dipole. 

dippel’s oil See bone oil. 

di-proton An unstable system comprising two protons. RÈD 

direct current d.c. An electric current flowing always in the same de t 

direct dyes Cotton dyes, substantive dyes. A group of dyes that dye cot m) n 
viscose rayon, and other cellulose fibres direct, without the use of morda 


Generally used with ‘assistants’ such as common salt or sodium sulphate, 
which assist absorption by the fibre. 


i i i d porta- 
direct vision Spectroscope A spectroscope designed for compactness ani 
bility. In this instrument, the middle portion of the spectrum (the yellow) 
remains undeviated. The eye thus looks in the direction of the source w 
Observing the spectrum. 
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DISPERSION 


e derived by the 
elimination of à 
the corresponding 
is a disaccharide 
nixture of glucose and fruc- 


disaccharid 

les. 

oe For of sugars the molecules of which ar 

molecule of Fs two monosaccharide molecules with the 
Monosaccharides E On hydrolysis disaccharides yield 
Which, on hi Ta E.g. cane sugar, sucrose, C; Hz2011i- 
tose, both mo rolysis with dilute acids, gives 2 mix 

nosaccharides having the formula Cs H1206- (See inversion of 


Cane-sy, 
gar ). Other i b 
ther important disaccharides are lactose and maltose. 
stored in a capacitor 


discha, 

rge, electri 

through a ore 1. The release of the electric charge 

electric cell xternal circuit. 2. The use of the chemical energy stored in an 

discharge in to do work electrically. 
at low antes The passage of electricity through a tube containing à gas 
lowards re Electrons and ions present in the tube are accelerated 

net Uie respective electrodes by the applied potential difference, the 

accelerated et electric charge constituting the current The electrons are 
-combinati iciently to produce ions by collision with the gas molecules. 
Certain part on of oppositely charged ions gives rise tO luminous glows at 
. Important s of the tube. The study of this phenomenon led to many 

discriminat, results, including the discovery of the electron and of isotopes- 
into am S An electronic circuit that converts frequency or phase modulation 
infectant itude modulation. 

t A substance capable of destroying d 


int a 
egration (phys.) Any process in which the nuclei 
ther due to spontan 


dis; isease bacteria. 
Or more 1 us of an atom emits one 
particles or photons, ei eous radioactivity OT as 


the r 
n sult of a collision. 
ation Constant. The 


isinteprati, 

Probability constant’ Decay, Constant, Lransform 

i ity of the decay of an atomic nucleus per unit time that character- 
the exponential decrease with time, 


es a , " 
radioactive isotope. It determines 


t 
of the activity, A, given by: 
A = AS 


t = o, and 
|, the result ol 


ion constant. 


A is the disintegrati 
surface of 


Whi S 
ere A, is the activity when 
f a slip along 4 


dislocati, 
location A line defect in a crystal 


red or more lattice constants. 
EERE hydrogenphosphate(V) See sodium phosphates. 
SOREL tetraborate Sodium tetraborate, borax. Na; ByO7-10H20- A white 
of a e crystalline salt, occurring mainly in tincal. On heating it loses water 
Ù gustaliizarion and melts to a clear glass-like solid (see borax bead test ). 

is used as an antiseptic and flux and in making glass and ceramics. 
in a crystal lattice 


disorderi : à 
dering The displacement of atoms from their position In 
ing radiation ) tO positions that are not 


(e.g. as a re: 

- sult of thi ioniz. 

us EINE e effect of ioni 

Reis dyes Dyes of all chemical types that are applied in the form of fine 
Repos in water to man-made fibres, such as cellulose acetate, nylon, 
ae polyester fibres. They are Insoluble in water, but are usually soluble in 

EARS c solvents, such as esters. 3 

. pesi The dissolved or suspended substance in a colloidal solution or 
ispersi: 
tem d RDUM ). A disperse phase suspended in à disperse medium; a Sys- 

cles dispersed and suspended in à solid, liquid, or gas. 
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DISPERSION MEDIUM 


T NIC : Mis : F , e is 
dispersion medium A medium in which a substance in the colloidal stat 


dispersed; the solvent in a colloidal solution. 


dispersion of light The splitting of light of mixed wavelengths into a nee 
A beam of ordinary white light, e.g. sunlight, on passing through an Op 


z Angle of deviation 
of red light 


RED 
— ORANGE 
YELLOW 
GREEN 
BLUE 
INDIGO 
VIOLET 


WHITE LIGHT 


Figure 13, 


E if 
of different wavelengths are refracted (see refraction) or bent throu Er 
ena on passing through the prism, and are thus separate 

ig. 1 


wavelength 2, and n is th 
dispersive Power of media 
often defined as 


(ny — n, (ny — T) 


D pl. w 
Where np, n,, and n, are the refractive indices for blue, red, and yello 


light respectively. 
displacement s. The vector of distance: 
direction. The S7 unit is the metre, 
dissociation (chem.) A temporary, 
a compound, which occurs unde! 
dissociation, the molecules are 
effect of heat is to decompose 
ammoniur-. chloride, N 
chloride, HCl, on he: 
degree of dis 
of the active 


; a specified distance in a specified 
See also electric displacement. f 
reversible decomposition of the molecules d 
T Some particular conditions. In pCa ae 
split into ions. In thermal dissociation, 
a definite fraction of the molecules; te 
HCl, dissociates into ammonia, NH3, and VERTIT 
ating. The products recombine on cooling, and 4 
sociation depends on the temperature. Thè ratio of the produc 
masses of the molecules resulting from the dissociation, to the 
active mass of the undissociated molecules, when chemical equilibrium has 
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DOPAMINE 


ae 
cen reached T b 
under a particular set of physical conditions, is called the 


dissociati 
=, tion c x 
i ‘ation Es See also equilibrium constant. 
distance ratio cm See dissociation. 
distillate The php ratio of a machine. 
istillat: ui ine j 
“stillation The ee a by the condensation of the vapou 
vapour, and alea of converting a liquid into vapour, condensing the 
a liquids of Eu. liquid or distillate. It is used for separating mixtures 
son-volatile consti ent boiling points or for separating à pure liquid from a 
i eparation of i ituent. (See fractional distillation ). It is also used in the 
'stilled water = otopes. See isotopes, separation of. 
dissolved in it ‘ater that has been purified by distillation of the substances 
"lisulphuricev - See also conductivity water. 
diurna Dail D acid See sulphuric acids. 
alent Bival performed or completed once every 
ivergent ERG Having a valence of two. 
diverging mE away in different directions 
diverge or A lens that causes a parallel beam of light passing through it to 
vers? ees out; concave lens. See Fig. 25 under lens. 
ia Solvent p solution of ammonium nitrate in liquid ammonia. It is 
Vinyl ethe i some metals and their oxides and hydroxides. 
bp. 30°C inyl ether. H, C:CHOCH:CH»z- A colourless infla: 
ision An , used as an anaesthetic. 
to give a arithmetic operation in which a divided by a divisor 
form S quotient and a remainder. 
DN A S ee racemic form. 
nM deoxyribonucleic acid. 
fatty i. Behenic acid. CH; (CH2)20COOH- A crystalline 
an id, m.p. 80°C., used in the manufacture of cosmetics and 
d a; 
lod S a plasticizer. 
dod scahedron A polyhedron with twelve faces. 
em d acid Lauric acid. CH3(CH2)i o9 COOH. A white crystalline insoluble 
REN m.p. 44°C., used in the manufacture of soaps, detergents, and 
doi s. 
lecanol Lauryl alcohol. CH3 (CHa): 108. 4 


Stan 
XR the commercial form of which consists 
- in the range 20—30*C. It is used in the manufacture of detergents. 


dolomi 
Meco Pearl spar. A natural double carbonate of magnesium and calcium, 
Be 3.CaCO3. A whitish solid that occurs naturally in vast amounts, 
Omar prising whole mountain ranges. 
donee See magnetic domain. 
2 E An imperfection in a semiconductor 
ion or molecule that provides a. pair 


bond. 
dopami 
panin E ocu that is the precursor 
formed from d also functions as à neurotransmitter in 
opa, dihydroxyphenylalanine. 
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ur in distillation. 


24 hours. 


from a common path or point. 


used as 


mmable liquid, 


dividend is 


saturated 
waxes, 


white crystalline insoluble sub- 
of a mixture of isomers with 


ron conduction. 


that causes elect 
coordinate 


of electrons to form & 


of adrenaline and 
the brain. It is 


Aaa... 


E. 


" je s , r to 
doping The addition of a small quantity of impurity to a semiconducto 
achieve a particular characteristic, 


DOPING 


in the 
Be jon 


lax- 


from it). Thus the fact that the that 


: j : incipal 
these distant galaxies are receding from our Galaxy. This is the princip 


K y the 
evidence for the widely accepted hypothesis concerning the expansion Oe 


also used in radar, to distinguish their 
nd to provide information concerne the 


p a te jation- 
vice for measuring a dose of ionizing eer ol 
t , including ionization chambers, the blacken ution 
photographic film, and the extent to which a chemical reaction in so! 


double refraction, Birefringence. The formation of two refracted rays of li 
(see refraction) from a single incident ray; a property of certain Do 
notably calcite. The ordinary ray follows the normal laws of refraction id 
is polarized at right angles to the light in the extraordinary ray, W! 
follows different laws. jon 

double salt A compound of two salts formed by crystallization from a CO aa 
containing both of them. When redissolved the double salt ionizes as i5 
salts. Fez example, potassium sulphate and aluminium sulphate in soluti 
together will crystallize as the double salt K5S0,. Al, (SO4)3-24H2 0. al 

double star Two stars held very close to each other as a result of their Rem 
Bravitational attraction, which move through space together giving t 
appearance, to the naked €ye, of being one star. 


116 


DYNAMICS 


doublet A pai 
metals, Pair of associated lines in a spectrum characteristic of the alkali 
drachm, flui 
f iti , 
drain wm British unit of volume ; 60 minims; 3.55 cm?. 
leave the lectrode in a field-effect transistor through which charge carriers 
drug 1 us inter-electrode region. 
2: R c rael substance used in medicine to cure or prevent disease. 
emotions -forming narcotic; any substance that causes physiological or 
dry cell 5 dependence. 
ony) betey. A pe be small Leclanché cell 
negative AE of ammonium chloride is in the form of 
atteries inc pole forms the outer container of the cell. I 
dry ice S radio batteries, etc. 
usd carbon dioxide, CO, used as à refrigerant. It is called ‘dry’ 
drying a it sublimes at —78°C., without forming a liquid. 
thin la An animal or vegetable oil that will harden to à tough film when à 
poles: at) exposed to the air. The hardening is due to oxidation or 
VON con of the unsaturated fatty acids of which these oils partially 
- They are used in paints and varnishes (e.g linseed oil, dehydrated 


E x 
ductility w and certain fish oils). 
into a EAA especially of metals, of being capable of being drawn out 
du : 
D gland See endocrine gland. 
a ED Petit's law For a solid element, 
flànt va the specific heat capacity, Ve. t 
P. tep prosmar equal to 25 joules pe 
duplet A QUE (1785-1838) and A. T. Petit (179 
bond les of electrons shared between two atoms 
Dural . See valence. 
pers A light hard aluminium alloy containing about 4% copper, and 
dust mounts of magnesium, manganese, and silicon. 
PEE. A core for magnetic devices made of powdered metal (often molyb- 
Pss o held together with a suitable binder. They are particularly suitable 
Du igh Srequency equipment. 
DA liquid See dichloroethane. 
mm metal An alloy of copper and 
ES star A star of small volume, high density, an 
a also white dwarf star. 
abe (chem.) An element having a valence of two. 
lyes Coloured substances that can be fixed firmly to à material to be dyed, 
so as to be more or less ‘fast’ to water, light, and soap. See acid dyes; azo 
dyes; direct dyes: mordants; reactive dyes; vat dyes- 
dynamic equilibrium. If two opposing processes are going on at the same rate 
in a system, thus. keeping the system unchanged, is said to be in 
ayaa ton d a liquid in equilibrium W E 
condensation of the ENS ees oct 
dynamics- A branch of mechanics; the mathe 
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containing no free liquid. 
a paste, and the 
t is used for torch 


the product of the relative atomic 
he molar heat capacity, is a con- 
r mole per kelvi 
1-1820). 

forming a single covalent 


of brass. 


zinc; a variety 
d usually low luminosity. 


matical and physical study of the 


n. Named after 


N a 


DYNAMITE 


behaviour of bodies und 


f 
anges O' 
er the action of forces that produce changi 
motion in them. 


: in kiesel- 
ginally consisting of Wise sane nitroglyc- 
guhr. Modern blasting dynamites contain nitrates sensitized wi 
erin absorbed on wood pulp. 


È echan! 
ils, called the armature, is rotated. Them the form 
is thus converted into electrical energy i 


dysprosium Dy. Element. R.a.m. 


bp. 2567*C, A Soft silvery m 
nides. 


7C. 
162.50. At. No. 66. r.d. 8.556, mp. i 
etal with seven natural isotopes. 5e 


: " ; 3 i int. 
dystectic mixture. A mixture that has a constant maximum melting po! 


e 
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€ Se 
* exponential. 


A 
Sphere sti having its orbit between those of Venus 
Spheroid in P flattened towards the poles (i.e. approximating to an oblate 
shape), Equatorial radius 6378.388 kilometres i 
Mean density 5.52 x 10 


2 m-3. 

Phere (see ALS 5.976 x 1024 kg. The Earth consi 

Sphere, The iid upper atmosphere ), à sphere, and à solid litho- 

(also Sel lithosphére, in turn, consists of three sep: 

Consists of imes called the lithosphere), t 

about 30 A Earth's outer layer of soi 

under the m (19 miles) thick on land and about 1 

Silicon le Its composition by mass is approximately: oxygen 47%, 
each , aluminium 8%, iron 45%, calcium 3.5%, sodium and potassium 

ch, magnesium 2.2%, titanium 0.5%, hydrogen and carbon 0.2% 


each, 
a ieee and sulphur 0.1% cach. 
edere miles) below the crust and is believed to í 
density of part of which is probably liquid, is believed to 
earthin, 13 and a temperature in excess of 6000 
and Ae E Making an electrical connecti 
ss rth; the Earth is assumed to have zero Pe 
geol oy (oed The sciences concerned with the study o! 
raphy (geophysics and geochemistry ) geography, meteorology; 
earthshi, 
ting A faint illumination of the dark side of the Moon during à cres- 
Earthy Phase, due to sunlight reflected from the Earth's surface. 
er S magnetism See magnetism, terrestrial. 
—west asymmetry of cosmic rays The observed intensity of cosmic ray 
rances coming from the West is greater than that coming from the East 
A any given latitude. This asymmetry is due to the deflection of the pri- 
m charged cosmic ray particles by the magnetic field of the Earth, and 
ET aaa a preponderance of positively charged particles in the incoming 


Sous Vulcanite. A hard black ins al made by vulcanizing rub- 
er with high proportions of su! tains about 30% combined 


sulphur. 

ebulli 5 

Need method See elevation of boiling point. 

ebullition See boiling. 

eccentricity 1. (math.) A constant used tO describe a conic, equal to the dis- 
ane from a point on the curve to the focus divided by the distance from 
EU ie the directrix, 2. (astr-) A measure of the extent to which an 
dedero 5 GALE equal to the distance Setween the foci divided by the 

major axis. This value is used to express the eccentricity of a 
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on between the conductor. 
tential. 


f the Earth, including 
and oceanog- 


ulating materi: 
Iphur. ]t con 


"-"w. ee hh a 


ECG 


* orbit is 
planet’s orbit round the Sun: eg. the eccentricity of the Earth's or 
0.0167 


ip bY 
1 method of estimating the depth of the sea beneath E its 
measuring the time taken for a sound pulse to reach the sea bed an 


5 an 
the Moon’, or lunar eclipse, occurs when the Sun, the Earth, 


4 "cle 
ecliptic The Sun’s apparent path in the sky relative to the stars; the Circ 
described by the § i 


ecology The Study of 
and to each other. 


ist: also 
ecosphere 1. The Part of the Earth’s atmosphere in which life can exist: als 
called the i i 


S E 3 TRY 
gical community and its environment. Food and energy 
Pass round an ecosystem in Cycles or loops. 


€ctoplasm The outer layer of the cytoplasm of a living cell. Usually a semi- 
solid gel containing relatively f2w granules, 


eddy current heating See induction heating. > F ct 
eddy currents Foucault currents. Induced (see induction) electric currents s 
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ELASTIC CROSS-SECTION 


trical apparatus. These 


elec 
cores of armatures of 


Up in the i 
€ iron cores 
cores of electromagnets and other 
the 


Current. 
S cause : 
dyn use conside: 
amos H siderable waste of energy i 
and in transformers. we 

amed after T. A. Edison 


lison a 
ccumul; * s 
Mata) ator* A nickel-iron accumulator. N 
H Ethylenediami 
acq Rr mia aci 
tetrasodium ch te agent (see chelation ), used 
oem salt for complexometric analysis. 
effective es et Lih a 
sistan Ep ve 
currents: in ane The resistance of a conductor of electricity 
any losses caus ition to the direct current resistance it includes the effect of 
ratio of the t sed by the current (e.g ) It is measured by the 
effective value be loss to the square o! f the current. 
CHervescence uS e root mean square of an alternating quantity. 
Tesult of € escape of small gas bubbles from. à liquid, usually as the 
efficiency Semeni action. 
Y ol i z 
e efücien machine The ratio of the output energy to the input energy. 
expressed ncy of a machine can never be greater than unity. It is often 
Tatio of Ned a percentage. The thermal efficiency of a heat, engine iS the 
arnor's Pri we done by the engine to the heat supplied by the fuel. See 
efflor, inciple. 
esci 
eir vale (chem.) The property © 
Crystals ER of crystallization, and becoming powdery on 
effusion of sodium carbonate, Na; CO3-10H20- 
e DES The passage of gases through small apertures Un 
are SEVERE rates of effusion of different gases under the same con 
i sely proportional to the square roots of their densities. 


eich i 
REE acid See arachidic acid. 
OELE An allowed wave fun meaningful solution to be 
a fixed from Schrödinger s wav: each eigenfunction there is 
einsteini energy value (eigenvalue) for the system. 
T Es. Transuranic element, &*- No. 99. The most stabl 
Einstei ut 253) has a half-life of 216 days- 
am ane equation E = mc?, where E is the energy equivalen 
of E 1s the speed of light. A direct consequence of Einstein 
Einstei Gu. this equation is the basis of all nuclear energy- 
piss shift A slight displacement towards the red of the lines of the solar 
Schon due to the Sun's gravitational field. It was predicted by Einstein's 
s al theory of relativity and subsequentl experimentally. Named 
die bert Einstein (1879— 1955). 
ce The reciprocal of capacitances it is measured in reciprocal farads or 


id (NCH; CHN): (HCOOCH;4- An 
generally in the form of the 


; to alternating 


eddy currents 


f the root mean square o! 


f some crystalline salts of losing à part of 
the surface. E.g. 


der pressure. 
ditions 


e isotope, ein- 


valent of a mass m» 
s special theory 


y verified 


r ideal conditions, such that 


darafs. 
elasti D 
ES collision A collision between bodies unde! ns, S 
eir total kinetic energy before collision equals their total kiaetic energy 
an elastic collision is one 1n which an 
or breaking up 


after collision. I 

i = . In nuclear hysics, 

incoming particle is scs crhd with the excitation 
of the struck nucleus. 


elastic cross-section. 
cross-section See ion. 
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ELASTICITY 


elasticity The property of a body or material of resuming its original Ee 
and dimensions when the forces acting upon it are removed. If the es : 
are sufficiently large for the deformation to cause a break in the molecu E 
Structure of the body or material, it loses its elasticity and the elastic limi 
is said to have been reached. Hooke’s law applies only within the elastic 
limit. See also elastic modulus. Á 

elastic limit The limit of stress within which the strain in a material com- 
pletely disappears when the stress is removed. 5 

elastic modulus Modulus of elasticity. The ratio of stress to strain in a B 
material. The strain may be a change in length (see Young's modulus ). à 
twist or shear (see shear stress ), or a change in volume (see bulk modulus ); 
the stress required to produce unit strain being in each case expressed i 
newtons per square metre. 

elastin Elastic fibrous protein found in the connective tissues of verte b R 

elastomer A material that after being stretched will return to approximate 
its original length. Elastomers include natural rubber, synthetic rubbers, aN 
rubberlike plastics. 

electret A dielectric possessing a permanent electric moment. 

electrical capacity See capacitance. 

. electrical condenser See capacitor. 


electrical energy The energy associated with electric charges and their o 
ments. It is measured in watt seconds (joules) or kilowatt-hours. One kilo- 
watt-hour equals 3.6 x 10$ joules or 8.598 45 x 105 calories. 

electrical image A set of point charges on one side of a conducting surface 
that would produce the same electric field on the other side of the surface 
(in its absence) as the actual electrification of that surface. 

electrical induction See induction. 

electrical line of force A line in an electric field whose direction is everywhere 
that of the field. 

electric are See arc. 


electric-are furnace A steel-making furnace in which an electric are provides 
the source of heat. In direct-arc furnaces, the arc is formed between Sk 
electrode and the metal being heated. The Héroult furnace is an EE 
of this type. Three graphite or amorphous-carbon electrodes are used an 
arcs form between each electrode and the metal charge. In the indirect-arc 
furnaces, heat is produced by a discharge between two electrodes and i$ 


radiated onto the charge. The Stassano furnace is an example of this type 
electric bell See bell, electric. 


electric charge A 
documented 
explanation 
describe in 


Property of some elementary particles that gives rise to well- 
interactions between them. Science is unable to offer any 
regarding the nature of an electric charge, but it is able tO 
some detail the properties of matter that is so charged. The 
electron is said to be negatively charged with electricity, and the proton 1s 
said to be positively charged to an equal but opposite extent. These entities 
Tepresent the basic units of electrically charged matter. Therefore, matter 
containing an equal number of protons and electrons is electrically neutral, 
but matter containing an excess of electrons possesses an Overall negative 
charge; similarly matter that has a deficiency of electrons (i.e. an excess: of 
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ELECTRICITY, FRICTIONAL 


protons) possesses an overall positive charge. These positive and negative 
conventions are purely arbitrary, but much of science is based upon them. 
A force of repulsion acts between like charges and a force of attraction acts 
between unlike charges: the region in which these forces act is called an 
electric field. Electric charges are also acted upon by forces when they move 
in a magnetic field that possesses a component at right angles to their 
direction of motion. The size of an electric charge is measured in the 
derived SI unit, the coulomb. Symbol Q. 

electric constant Permittivity of free space. zo. The fundamental constant that 
has the value 8.85416 x 10 !? farad per metre. It arises as the constant 
of proportionality in Coulomb's law, its value depending on the choice of 
units, See also electric field; permittivity. 

electric current A flow of electric charge through a conductor. The charge 
carriers may be electrons, ions, or holes. The magnitude of a current 
through a particular cross-section is equal to the rate of flow of charge. 
The SI unit of current is the ampere. Symbol J. 

heating effect of When an electric current flows through a 

resistance work is done on the conductor. The quantity 

of heat produced is proportional to the resistance of the conductor, and is 

equal to VI or J 2R watts (joules per second), V being the potential differ- 

ence in volts, I the current in amperes, and R the resistance in ohms. 


electric displacement Electric flux density. The electric charge per unit area 
displaced across a layer of conductor placed in an electric field. Consider a 
uniform electric field of strength E in free space; ie. the electric flux 
through unit area perpendicular to the field is E. When a dielectric medium 
is introduced into the field the electric flux at any point in the medium 
becomes modified owing to the interaction between E and the atoms of the 
dielectric, and assumes a new value D. This is the electric displacement. 

electric field The region surrounding an electric charge, in which a. force is 
exerted on a charged particle; the electric field strength (or electric inten- 
sity) is completely defined in magnitude and direction at any point by the 
force upon unit positive charge situated at that peine eiecti field 
strength E, or force exerted upon a unit charge at a distance r from a 


Pes nm 
charge Q, is given y rs O/4nre 


ra as Th 
where e is the permittiyily. For free space (i.e. 
electric constant, and has the value 8.854 185 X 10 
of the field can also be described by the electric 


m D/E = £0- A y 
T The quantity of electricity displaced across unit area of a dielec- 
lectric displacement and the area. Sym- 


electric current, 
conductor of finite 


vacuum) £ becomes e, the 
-12 F m- !. The strength 
displacement D. In a vac- 


ic flux 
de EIE is the scalar product of the ei 
m A general term used for all phenomena caused by electric charge 
banh ther static OF in motion. — . x 
Triboelectricity. A separation of electric charge that 


: ricti 5; 
electricity, ff the rubbing together of différent materials; i 
om the rul T s; e.g. on rubbi 
eir ith rabbit's fur, the fur is found to possess a positive charge, and 
A os d receives an equal negative charge. The rubbing motion strips 
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some of the electrons from the atoms or molecules of the fur, which collect 
on the surface of the celluloid. due 
electricity, static Phenomena associated with electric charges at rest, ud 
purely to the electrostatic field produced by the charge, whereas in Ee. 
of current electricity other effects, in particular a magnetic field, arg 5 is 
electric light Illumination produced by the use of electric charges; it mea on 
produced by virtue of the heating effect of an electric current on a p the 
filament (see electric-light bulb), by an electric arc (see arc lamp ), or by N. 
Passage of charged particles through a vapour, as in the mercury vapi 
lamp or fluorescent lamps. E. 
electric-light bulb A 8lass bulb, often filled with nitrogen or some other d 
inert gas, containing a wire or filament, usually made of tungste 


ically i 2 white 
The passage of an electric current through the filament heats it to a 
heat. 

electric motor A device fo 


È 3 luc- 
depending on the fact that when an electric current flows through a cone aa 
tor placed in a magnetic field possessing a component at right angles t lest 
Conductor, a mechanical force acts upon the conductor. In its simpl 


A P - 5 WS; 
form, it consists of a coil or armature through which the current flows, 
placed between the P 


mechanical force upo: 
electric polarization P. 
neutral atom, a displa 
nucleus occurs. This gi 


A T : p is 
where D is the electric displacement, E is the electric field strength, and £0 
the electric constant. 


gy needed to move unit electric charge E 
electric field at which the potential is specified. 
The unit of electric Potential is the volt. See also potential difference. 


electric spark A discharge of electricity, 
through a dielectric or insulator. ‘ 
the electric polarization (P) produced in 
à substance to the product of the electric field strength (E) to which it is 
£9), i.e. 
X. = P/E 
The susceptibility is related to the relative permittivity (e,) by 
? c = 1-e. 
electrocardiograph ECG. An instrument for recording the current and voltage | 
waveforms associated with the contraction of cse ited by 1 
electrochemical equivalent z. Tke mass of the ions Teor depOSi 
coulomb of Electa Charge. Expressed in grams, this is numerically equal to 
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1/96487 of the chemical equivalent, which is therefore liberated or deposited 
by 96487 coulombs, or one faraday. See electrolysis. 
electrochemical series See electromotive series. 
electrochemistry The study of the processes involved in the interconversion of 
electrical energy and chemical energy. 
electrode 1. A conductor by which an electric current enters or leaves an 
electrolyte in electrolysis, an electric arc, or a vacuum tube (see discharge in 
gases and thermionic valve ): the positive electrode is the anode, the negative 
one the cathode. 2. In a semiconductor device, an element that emits or 
collects electrons or holes, or controls their movement by an electric field. 
electrodeposition The process of depositing by electrolysis, especially the depo- 
sition of one metal on another as in electroplating. 
electrode potential The electric potential developed on an electrode that is in 
equilibrium with a solution of its ions (see also half cell). Electrode poten- 
tials cannot be measured absolutely and are usually specified by compari- 
son with a hydrogen electrode, which is assumed to have an electrode poten- 
tial of zero. In practice a number of more convenient electrodes are used, 
of known standard electrode potential. These are calibrated against the 
standard hydrogen electrode. See calomel electrode. 
electrodialysis A method of desalination. Water containing salt is fed into a 
cell containing two electrodes separated by an array of semipermeable mem- 
branes, which are alternately semipermeable to positive and negative ions. 
The ions collect between alternate pairs of membranes enabling a stream of 
pure water to be extracted from the cell. 
electrodynamics The study of the relationship between electric and magnetic 
forces and their mechanical causes and effects. 
electrodynamometer An instrument for measuring current, voltage, or power, in 
both direct current and alternating current circuits. It depends upon the 
interaction of the magnetic fields of fixed and movable coils. 
electroencephalograph EEG. An instrument used for recording the rhythmical 
electric currents that pass through the brain. The pattern obtained can be 
correlated with certain human physiological states (e.g. sleep) and patholog- 
ical states (e.g. epilepsy). 
electroforming The production, i € 
sition of a metal upon an electrode during E M tial. aifferente 
"n " 2. s d jal. e potel 
electrokinetic potential Zeta-potential, Pranal “aa EN eyes 


across the interface between a movin, da 
attached to the solid surface over which the liquid moves. 


electrokinetics The study of electric charges in motion and their behaviour in 
electric and magnetic fields, as opposed to electrostatics. ; 
electroluminescence Fluorescence resulting from bombardment of a substance 
with electrons. an x 
i on of certain substances (electrolytes ) b 
electrolysis The chemical Loupe MO saa vdieoledsor Eo n 
an electric curen pass e ionized into electrically charged ions, and when 
state. Such substances ar ugh them by means of conducting elec- 


i i sed thro i 
an electric current is pas the oppositely*charged electrodes, there give 


des, the ions move towards i 
d their electric charges, become uncharged atoms or groups, and are either 
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ELECTROLYSIS, FARADAY’S LAWS OF 


liberated or deposited at the electrode, or react chemically with the elec 
trode, the solvent, or each other. according to their chemical nature. : 

electrolysis, Faraday's laws of 1. The chemical action of an electric current of 
proportional to the quantity of electric charge that passes. 2. The ma" s 
substances liberated or deposited by the same quantity of electric € 2 
are proportional to their chemical equivalents. See electrochemical equivater 
Named after Michael Faraday (1791— 1867). 


: : . an 
electrolyte A compound that, in solution or in the molten state, conducts 2 


; ar s nt 1$ 
electric current and is simultaneously decomposed by it. The current 


ro- 
carried not by electrons as in metals, but by ions (see electrolysis ). Elect 
lytes may be acids, bases, or salts. 


electrolytic capacitor (condenser) A fixed electrical capacitor in which once 
trode is a metal (usually aluminium) foil coated with a thin layer ne, 
metal oxide, and the other electrode is a non-corrosive salt sowie "e 
paste. The metal foil is maintained positive to prevent the removal os we 
oxide film by the hydrogen liberated. Tantalum sheets are also us x 
electrodes, immersed in an electrolyte of sulphuric acid. The advantages 
electrolytic capacitors is that they provide a high capacitance in a lim! 
space. 


an 
electrolytic cell A cell in which electrolysis takes place as a result of 


electric current being passed through an electrolyte. tO 

electrolytic dissociation The dissociation of the molecules of electrolytes ae 
Charged ions. The degree of dissociation determines the electrical conduc 
ity of the solution and also other properties, which can be related theos S 
cally to the total number of molecules and ions of the electrolyte forme dis- 
the solution. Many compounds, e.g. ethanoic acid, have low degrees of 


sociation and are called weak electrolytes. Others have high degrees Q 
dissociation (strong electrolytes). 


electrolytic gas Detonating gas. A mixture of hydrogen and oxygen, in à cm 
of 2 to 1 by volume, formed by the electrolysis of water. m 

electrolytic rectifier. A rectifier consisting of two electrodes immersed in am 
electrolyte, which is used to convert an alternating current into à dir NT 
current. It depends on the properties of certain metals and solutions 
allow current to. flow in one direction only. f 

electrolytic refining The purification of copper and some other metals by pF- 
trolysis. An impure copper anode, a pure copper cathode, and an electro!) is 
of copper(II) sulphate form a cell. When current is passed, pure copper the 
transferred from the anode to the cathode, while impurity metals, 
anede sludge, are deposited at the bottom of the cell (for further recover» 
especially if they contain gold and silver). XM 

electromagnet A temporary magnet formed by winding a coil of wire Turca on 
piece of soft iron; when an electric current flows through the wire, the ! 
becomes a magnet. 

electromagnetic induction See induction, electromagnetic. 


ELA : , een 
electromagnetic interaction The fundamental interaction that occurs bee: 
electrically charged elementary particles. It can be explained by 


e. * L rti- 
exchange of virtual photons'(see virtual state) between the interacting pa 
cles. 
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ELECTROMOTIVE SERIES 


electromagnetic moment See magnetic moment. 
electromagnetic pump A device used for pumping /iquid metals. A current is 
passed through the liquid metal, which is contained in a flattened pipe 
placed between the poles of an electromagnet. The liquid metal is thus 
subjected to a force, which acts along the axis of the pipe. 
electromagnetic radiation Radiation consisting of waves of energy associated 
with electric and magnetic fields, resulting from the acceleration of an elec- 
tric charge. These electric and magnetic fields, which require no supporting 
medium and can be propagated through space, are at right angles to each 
other and to the direction of propagation. Electromagnetic waves travel 
through space with a uniform speed of 2.9979 X 105 metres per second, or 
186 282 miles per second. The nature of electromagnetic radiations depends 
upon their frequency (see electromagnetic spectrum ). Electromagnetic radia- 
tion is emitted by matter in discontinuous units called photons. 
electromagnetic spectrum The range of frequencies over which electromagnetic 
radiations are propagated. The lowest frequencies are radio waves, increases 
of frequency produce infrared radiation, light, ultraviolet radiation, X-rays, 
and gamma-rays. See Appendix, Table 10. 
electromagnetic units E.M.U. A system of electrical units, within the c.g.s. 
system, based on the unit magnetic pole, which repels a similar pole, placed 
| cm away, with a force of 1 dyne. The E.M.U. of electric current is that 
current that, flowing in an arc of a circle of unit length and radius (i.e. 1 
cm), exerts a force of 1 dyne on a unit magnetic pole placed at the centre. 
The E.M.U. of resistance is that resistance in which energy is dissipated at 
the rate of 1 erg per second by the flow of 1 E.M.U. of current. The 
E.M.U. of electromotive force or potential is the potential that, applied 
across the ends of a conductor of 1 E.M.U. resistance, causes 1 E.M.U. of 
current to flow. 
electromagnetic waves See electromagnetic radiation; electromagnetic spectrum. 
electrometallurgy The study of electrical processes used in separating a metal 
from its ore; or refining, plating, or shaping metals by electrical means. See 
electrolytic refining; electroplating; electroforming. 
electrometer An instrument for measuring voltage differences, which draws no 
current from the source. They are essential for measuring electrostatic volt- 
age differences. They were formerly based on electroscopes but now use 


solid-state devices. l 
electromotive force E.M.F. The source of electrical energy required to produce 

an electric current in a circuit. It is defined as the rate at which eiea 

energy is drawn from the source and dissipated in a circuit when unit 


current is flowing in the circuit. The S7 unit is the volt. See potential differ- 


scene series Electrochemical series. A list of metals arranged in order 
of the magnitudes of their electrode potentials. Metals with high negative 
A6 potentials stand at the head of the electromotive series. The list 

electro ts the order in which the metals replace one another? from their 
represen metal higher in the series replacing one lower down; similarly 
salts E: ed above hydrogen will liberate it from acids. Metals having a 
DIE tendency than hydrogen to lose elections to their solutions are said 
gr pe electropositive. Elements that gain electrons are electronegative. The 


to 
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- 3 4 : 5 TU Jumin- 
chief metals in order are potassium, calcium, sodium, maneran E con 
ium, manganese, zinc, cadmium, iron, cobalt, nickel, tin, lead, hy 
Copper, mercury, silver, platinum, gold. 


f 

electron An elementary particle classed as a lepton having a rest e a 

9.109 558 x 10-3! kilogram, approximately 1/1836 that of a hy 7 G b. 

atom, and bearing a negative electric charge of 1.602 192 x 10- !? cou m h 
The radius of the electron is 2.817 77 x 10- !5 metre. The electron £ 

constituent of all atoms (see atom, structure of). The positively cha E 

anti-particle of the electron is the Positron, and the word ‘electron’ 1$ A 
times used to include both negative electrons (negatrons or negatons) 4 


By ; i H has 
positive electrons (positrons or Positons). A free electron is one that 
been detached from its atomic orbit. 


f ron 
electron affinity 1. The tendency of an atom or molecule to accept an oe an 
and form a negative ion. 2. The energy liberated when one mole O 


; J ive i e 
element in the form of gaseous atoms is converted into negative ions. Th 
halogens have high electron affinities. 


is 
electron capture 1. The formation of a negative ion when a free electron 


r). 
captured by an atom or molecule (also referred to as ‘electron attachment) 


- A radioactive transformation as a result of which a nucleus captures 
inner orbital electron 


" á " : "ra 
and the resulting excited ion then emits an X74" 
photon. 


electron density The density of electronic 
cule; alternatively defined as the probal 
particular point. 5 

electron diffraction A diffraction effect resulting from the passage of e/ectr d 
through matter, analogous to the diffraction of visible light or X-rays. at 
phenomenon of electron diffraction is the principal evidence for the par 
tence of waves associated with electrons (see de Broglie wavelength ha is 
diffraction of electrons when passed through crystals or thin metal foils 

used as a method of investigating crystal structure. 

electronegative elements and groups Elements and groups that take up us 
irons, thus acquiring a negative electric charge, when united with ot ^ 
radicals by electrovalent bonds (see valence). The halogens, iol A 
sulphur, and other non-metallic elements are generally electronegative. 
also electromotive series. 

electron exchanger See redox exchanger. 


electron gun The source of electrons in a cathode-ray tube or electron Qs 
Scope. It consists of a cathode emitter of electrons, an anode with an ap! s 
ture through which the beam of electrons can pass, and one or more focu: 
ing and control electrodes. 


electronics An applied physical science concerned with the development of 
electrical circuits using semiconductors, thermionic valves, and other Jeya 
in which-the motion of electrons is controlled for purposes of commun 
tions, control, or computing. 


^ 1 of 
electron lens A system of electric or magnetic fields used to focus ei pum 
electrons in a manner analógous to an optical /ens. They are used in 
iron microscopes, cathode-ray tubes, etc. 


EC le- 
charge at a given point in à us 
bility of finding an electron à 
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electron micrograph A photograph of an object obtained with an electron 
microscope. 
electron microscope An instrument similar in purpose to the ordinary light 
microscope, but with a much greater resolving power. Instead of a beam of 
light to illuminate the object, a parallel beam of electrons from an electron 
gun is used. In the transmission electron microscope, the object, which 
must be in the form of a very thin film of the material, allows the electron 
beam to pass through it; but, owing to differential scattering in the film, an 
image of the object is carried forward in the electron beam. The latter then 
passes through a magnetic or electrostatic focusing system (see electron 
lens) which is equivalent to the optical lens system in an ordinary micro- 
scope, i.e. it produces a much magnified image. This is received on a fluo- 
rescent screen and recorded by a camera. Magnifications up to 200 000 can 
be achieved. In the scanning electron microscope a thick sample can be 
used and the sample is scanned by the electron beam. Secondary electrons 
emitted from the surface of the sample are focused into a screen. The 
magnification is less with this type of instrument, but a three-dimensional 
image is formed. 
electron multiplier See photomultiplier. 
electron optics The study of the methods used to focus beams of electrons by 
means of electron lenses, etc. The design of electron microscopes and similar 
devices relies upon electron optics. 
electron-probe microanalysis A method of analysing a very small quantity of a 
substance by directing a finely focused electron beam on to it so that an X- 
ray emission is produced characteristic of the elements present in the sam- 
| ple. The diameter of the beam is usually about 1 um and quantities as 
small as 10 7 !? g can be detected by this means. The method may be used 
quantitatively for elements whose atomic numbers exceed 11. 
| electron-spin resonance ESR. A phenomenon exhibited by paramagnetic sub- 
stances (see paramagnetism ) due to their upaired electrons. The spin of an 
unpaired electron is associated with a magnetic moment that may align 
itself in one of two ways with respect to an applied magnetic field, each 
possible alignment corresponding to a different energy level. By applying 
magnetic field and irradiating the specimen with suitable electromagnetic 


radiation, transitions between these two energy levels can be maoa KoE 
in the microwave region of the electromagnetic spectrum, thus producing the 
nance. If, however, the paramag- 


phenomenon known as electron-spin reso! h r, tl a 
| netic molecule includes magnetic nuclei, these transitions will dni wan 
the nuclear spin (see nuclear magnetic resonance ) Ded uc rd Se Ies 
i -spi ce s 5 
2 han a single resonance. Electron-spin resonan 
ee n hat the electron can be located 


i alysing this Ayperfine structure so tl 7 
gei ERE uud providing information about the molecule's struc- 
ture. ESR is also used for studying free radicals. ; - 

olt eV. A unit of energy widely used in nuclear physics. The increase 
electron > or the work done on an electron when passing through.a potential 
in energy ^^ ^f electron-volt = 1.602 10 x 10- 1” joule. 1 MeV = 105 elec- 
rise.of Y v 1 GeV = 10? electron-volts. 


i- volts; URS 
tron: ilic reagents Cationoid reagents. Reagents that react at centres of 
electio. tron. density. They are essentially electron acceptors (e.g. halogens ) 


high 
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5 ; P are nucle- 
that gain or share electrons from an outside atom or ion. Compar 
ophilic reagents. 


a Oe r ed solute 
electrophoresis Cataphoresis. The migration of the electrically charged 


o C- 
particles present in a colloidal solution towards the oppositely charged oF 
trode, when two electrodes are placed in the solution and CORDE sm 
nally to a source of E.M.F. The technique can be used for s ES 
mixtures of proteins as the rate at which components of a mixture 
depends on the charge, size, and shape of the particles. tatic 

electrophorus A laboratory demonstration apparatus for showing electros 
charging by induction. 
electroplating Depositing a la 
plated forming the cathode 
solution of a salt of the metal that is to be deposited. 


y C- 
electropositive elements and groups Elements and groups that give up si 
trons, thus acquiring a positive electric charge, when united with ko og 
cals by electrovalent bonds (see valence). The metals and acidic hydr 
are generally electropositive. See also electromotive series. je charge: 
electroscope An instrument for detecting the presence of an electric dd foi 
The gold-leaf electroscope consists of two rectangular leaves of go! n the 
attached to a conducting rod of metal held by an insulating plug; b the 
tod and leaves acquire an electric charge, the leaves diverge owing 
mutual repulsion of charges of like sign. 
electrostatic field A region in which a stati 
would be subjected to a force of attracti 
Presence of another Stationary electric ch 
electrostatic generator A machine designe 
electric charge. Examples include the 
Graaff generator. 


electrostatic precipitation A widel: 
of air (or other gases). The 
pended in it, is subjected to 
particles are attracted to, 
Cottrell precipitator. 

electrostatics The stud: 


lds 
y of static electric charges and the forces and fie 
associated with them. 


electrostatic units ESU. A system of electrical units based upon the UN 
Static unit of electric charge. The electrostatic unit of charge (called tity, 
statcoulomb ) is that quantity of electricity that will repel an equal quan 
1 cm distant from it in a vacuum, with a force of 1 dyne. a3 
electrostriction The change in the dimensions of a dielectric when pad 
an electric field. An example is the contraction of a solvent due to 
electrostatic field of a dissolved electrolyte. jeno. 
electrotyping The production of copies of plates of type, etc., by me bns is 
lytic deposition of a layer of metal on a previously prepared moul ‘ed with 
a cast of the object to be copied, made of plastic material and coate RE 
a layer of graphite, which acts as a conductor of electricity. It ANE ) 
suspended to act as a cathode in an electrolytic bath (see electropi The 
containing a solution of a salt of the metal required, usually copper. 


, rect to be 
yer of metal by electrolysis, the OU ae a 
in an electrolytic tank or bath contai 


onary electrically charged particle 
on or repulsion as a result of 
arge. See electric field. BET 
d for the continuous separation de 
Wimshurst machine and the Van 


y used method of controlling the poll 
gas, containing solid or liquid particles us 
à uni-directional electrostatic field, so tha Sa 
and deposited upon, the positive electrode. 
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passage of an electric current will deposit a layer of any required thickness 
of metal upon the cathode, the layer being a replica of the original type. 

electrovalent bond See valence. 

electrovalent crystal Ionic crystal. The type of crystal in which the component 
ions are held in their positions in the /attice by electrovalent bonds (see 
valence ). Sodium chloride is a typical example. 

electrum A natural alloy of gold (55%—85%) and silver. 


element (chem.) A substance consisting entirely of atoms of the same atomic 
number. The elements are listed in the Appendix, Table 3. 

elementary particles Fundamental particles. The basic units of which all mat- 
ter is composed. By 1932, with the discovery of the neutron, it was 
accepted that atoms consisted of a central nucleus composed of protons and 
neutrons, surrounded by one or more electrons. At that time these three 
particles were assumed to be the elementary particles of which the Uni- 
verse is composed. However, the stability of the nucleus could not be 
explained on existing theories, as no interaction between the charged pro- 
ton and the uncharged neutron was known. The elucidation of the four 
fundamental interactions led to the discovery of a number of new particles, 
some of which turned out to be more elementary than others. In the cur- 
rent method of classification there are two classes of particles: leptons, 
which interact by means of the electromagnetic interaction or the weak inter- 
action, and hadrons, which interact by the strong interaction. Leptons, which 
include the neutrino, muon, and tau particle, as well as the electron, have no 
internal structure and are therefore truly elementary. Hadrons, including 
protons, neutrons, pions, etc., do have an internal structure and are there- 
fore not really elementary. 

The structure of hadrons is believed to consist of elementary particles 
called quarks, a concept introduced into physics in the early 1960s by Mur- 
tay Gell-Mann and named after a sentence in James Joyce’s Finnigan's 
Wake (“Three quarks for Muster Marks.") In this theory, hadrons are either 
baryons (which decay into protons) or mesons (which decay into photons or 
leptons). Baryons consist ch three qarka and mesons consist of two quarks, 
a quark and its corresponding antiquark. l 

Guanes: henselae tive MN properties: unlike all previously known 
particles they have charges that are a fraction of the charge on an electron, 
ie. +2/3 or —' of the electronic charge. They also occur in SECUTUS 
(the word used is not intended to imply a connection with taste): ue, oA 
+2/3 charge), down (d, —/4), charmed (c, --2/3), strange (S, —/), E à 
+2/3), and bottom (b, -M. The nucleons (protons and neutrons) consist o! 

i inations: 
the following e charge 2/3 + 2/3- 1} = +1) 
n = udd (charge 2/3 — V, — '4 = 0) "M 
For each flavour De iE a ap an antiquark with opposite charge, 
ü —2/3, d, charge pees B 
ex ae to flavour it has proved necessary to add to ee model the 
Thus, each flavour occurs in three primary 
concept of colour eae The corresponding antiquarks have the com- 
colours mien cyan, ` magenta, and yellow. There are thus 36 quark 
PENESTE quarks and 18 antiquarks. These, together with the leptons, are 
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the only truly elementary particles. According to this aspect of the € 
known as quantum chromodynamics, hadrons are composed of quar! EE 
produce the colour white, ie. the baryons comprise three primary CO tary 
and the mesons consist of a primary colour and its complemen 
anticolour. + media 
The strong interaction between quarks, according to this theory, 1S E 
ated by the exchange of particles with zero rest mass called gluons, 1n vend 
the same way as the electromagnetic interaction can be visualized a$ E 
mediated by the exchange of particles with zero rest mass called pie É 
Gluons, of which there are eight types, are uncharged but they do p. 
colour charge, each gluon carrying a colour and an anticolour. In an in E. 
action a quark can change colour, but all changes of colour are acc: 
nied by the emission of a gluon, which is absorbed by another 1 E 
whose colour in turn makes a compensatory change. Throughout any ed 
tem of interactions all hadrons remain white, even though colour charg 
move around between them. 4 t the 
Neither quarks nor gluons have been experimentally identified bu. 
theory is widely accepted among physicists. , it of 
elements (astr.) The numerical values required to define the elliptical ux zd its 
à planet or satellite: they include the semi-major axis of the ellipse an 


: es 
eccentricity. The plane of the orbit is defined by the angle its plane mak 


ite in it$ 
with the plane of the ecliptic. The position of the planet or satellite in ! 
Orbit is defined by its eccentric anomaly. 


elements, magnetic See magnetic elements. 


s j " e 
elevation, angle of If C is a point above the level of another point A, th 


angle of elevation of C from A is the angle that C makes with the horizon- 
tal plane AX through A. See Fig. 11 under depression, angle of. 
elevation of boilin: 


g point The rise in the boiling point of a solution produced 
by a non-volatile substance dissolved in a solvent. For a dilute solution t s 
elevation is proportional to the number of molecules or ions present Ce 
colligative properties), and the elevation produced by the same molecu a 
concentration (or ionic concentration in the case of an electrolyte) 1$ e 
constant for a particular solvent. This forms the principle of the boiling 


- H ive 
Point method (ebullioscopic method) for the determination of relati" 
molecular masses. 


eleven-year period A periodic change in the occurrence of sunspots, the CY gm 


being complete in approximately eleven years; associated with this is 4 

cyclic variation in the magnitude of the daily variation. ; Thé 
Elinvar* A variety of steel containing 36% nickel and 12% chromium. Tl i 

elasticity is almost unaffected by changes of temperature; it is used for hai 

springs of watches. M 
ellipse A closed plane figure formed by cutting a right circular Ed dis 

plane obliquely through its axis (see comic sections ) The sum of t 3m is 

tances from any point on the perimeter of an ellipse to its two fo end 

constant. In Fig. 15, X, X; is the major axis, F} and F, are the foci, 

^ and B are any points on the perimeter such that 

AF, + AF, = BF, + BF : tion is 
For an ellipse centred at the “origin, in Cartesian coordinates, the equati 
x?/a? + y2/b? = 1 
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Figure 15. 


with the foci at (tea, 0), where e is the eccentricity. 

ellipsoid A solid figure traced out by an ellipse rotating about one of its axes. 
A prolate ellipsoid is produced if it is rotated about the major axis and an 
oblate ellipsoid about the minor axis. 

elliptically polarized light Light that can be resolved into two vibrations lying 
in planes at right angles, and of equal frequency. The electric vector at any 
point in the path of the wave describes an ellipse about the direction of 
propagation of the light. The form of this ellipse is determined by the 
amplitudes of these two vibrations and by the difference of phase between 
them. (See also polarization of light.) 

lie on d an adsorbate from an adsorbent by dissolving it in a 

uid ). The resulting solution is called the eluate. 

elutriation The washing, separation, or sizing of fine particles of different 
mass by suspending them in a current of air or water. 

emanation Radium emanation. The gas formed by the radioactive. disintegra- 


tion of certain substances, consisting principally of radon, thoron, and acti- 
non. 


embryology The branch of biology concerned with the study of the growth - 


and development of embryos. 

emery A mixture of corundum and iron oxide, usually magnetite, Fe3O4. It is 
used as an abrasive. P ott 

emetine C;5H4904N». An alkaloid obtained from the roots of Brazilian ipe- 
cacuanha, m.p. 68°C. It is used as an emetic and as a remedy for amoebic 
dysentery. 

EMF See electromotive force. : y 

emission of radiation The net rate at which a body emits hear radiation to its 
surroundings depends on the temperature of the body, the temperature of 
its surroundings, and the nature of the surface of the body. Dull black 
surfaces have the greatest exitance while brightly polished reflecting surfaces 
sepe Li, s b. d whi lectromagnetic radiation 
ission spectrum The spectrum observed when electr 

posce directly from ARE is examined with a spectroscope. The source 


i i i ^e the atoms 
heated or bombarded with particles in order to exc: : 
indi s. The emission occurs when these excited 


and molecules of which it consist m > 
atoms or molecules decay to a lower energy state. See also absorption spec- 


trum. 
emissivity The ratio of the power per unit area of a body to the total power 
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per unit area emitted by a perfect black body at the same temperature pes 
black body radiation). The emissivity is a pure numeric, equal to 
absorptance. Symbol e. 


emittance See exitance. 
emitter One of the three electrodes in a transistor. 
empirical Based upon the results of experiment and observation only. 


empirical formula The simplest type of chemical formula, giving only the PA 
portion of each element present, but no indication of the relative molecula 
mass or the molecular structure, e.g. (CsH30,N),,. 


emulsifier Emulsifying agent. A substance, small quantities of which help to 
form or stabilize an emulsion. Detergents are frequently used. 

emulsion A colloidal solution in which the disperse phase consists of minute 
droplets of liquid. 

emulsion, photographic The light-sensitive coating on a film or plate (see pho- 
tography ). A ‘nuclear emulsion’ is a photographic emulsion specially pre- 
pared to record the tracks of elementary particles and nuclear fragments 
that pass through it. 


emulsoid sol See colloidal solutions. 


enamel 1. A class of substances (vitreous enamels) having similar compos 
to glass with the addition of tin(IV) oxide, SnO,, or other infusible su 5 
stances to render the enamel opaque. 2. A finely ground oil paint containing 
a resin. 3. The external layer of teeth consisting mainly of calcium pbos- 
phate carbonate salts. 

enantiomorphism The occurrence of substances in two crystalline forms, One 
being a mirror image of the other. See also optical isomerism. 

enantiotropism The occurrence of substances in two different physical forms, 
one being stable below a certain temperature (the transition temperature), 
the other above it. E.g. sulphur exists as alpha-sulphur at all temperatures 
below 96*C.; above this, the stable form is beta-sulphur. 

endocrine gland Ductless gland. A gland in an animal that produces hormones 
and secretes them directly into the bloodstream. They include pituitary, 
adrenal, ovary, testis, thyroid, and parathyroid glands. 

endocrinology The study of the endocrine glands and the hormones they pro 
duce. 


endoenzyme An enzyme that remains within a living cell and does not diffuse 
through the cell wall into the surrounding medium. 


endoetgic process An endothermic process (often applied in the context of a 
nuclear reaction ). 


endoplasm The central part of the cytoplasm of living cells, usually distinct 
from the ectoplasm in that it is of greater fluidity and contains more gran- 
ules. 

endoplasmic reticulum A system of membranes within the cytoplasm of meny 
types of living cell. It is the site of protein synthesis and these membran f 
are often covered with ribosomes in cells that make large quantities O 
protein. 

endosmosis The inward flow of “water into a cell containing an aqueous solu- 
tion, through a semipermeable membrane, due to osmosis. 
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endothermic process A process accompanied by the absorption of heat. 


end point Equivalence point. The point in a titration, usually indicated by a 
change of colour of an indicator, at which a particular reaction is com- 
pleted. 

energy The capacity for doing work. The various forms of energy, intercon- 
vertible by suitable means, include porential, kinetic, electrical, heat, chemi- 
cal, nuclear, and radiant energy. Interconversion between these forms of 
energy can only occur in the presence of matter. Energy can only exist in 
the absence of matter in the form of radiant energy. The derived S7 unit of 
energy is the joule. Symbol E. 

energy bands Orbital electrons are associated with specific amounts of energy, 
the change from one energy level to another taking place in quantized steps. 
In a crystalline solid the energies of all the electrons and atoms fall into 
several ‘allowed’ energy bands between which lie ‘forbidden’ bands. These 
bands may be depicted on an 'energy level diagram". The range of energies 
corresponding to states in which the electrons can be made to flow, by an 
applied electric field, is called the conduction band. The range of energies 
corresponding to states that can be occupied by valence electrons, binding 
the crystal together, is called the valence band. The valence band in an ideal 
crystal is completely occupied at the absolute zero of temperature, but in 
real crystals above absolute zero some electrons are missing from the 
valence band, and it is these electrons that give rise to holes. 


energy flux The rate of flow of energy per unit area. See flux. 


energy levels An atom, molecule, or nucleus can exist only in certain definite 
states (quantum states) each having definitive energies. Thus, for each dif- 
ferent atom or nucleus, there exists a series of energy levels corresponding 
to these permissible states. The lowest stable energy level is referred to as 
the ground state; systems at higher energy levels than the ground state are 
said to be excited. See excitation. 
energy-rich bonds A term used in biochemistry to distinguish between chemi- 
cal bonds that when broken yield a large amount of free energy and those 
that give only a small yield of free energy ('energy-poor bonds). The 
energy referred to in this context is the free energy liberated on hydrolysis. 
Energy-rich bonds usually involve phosphate groups and in this respect 
adenosine triphosphate (ATP ) is of particular significance. 
energy value of a food A measure of the energy made available by coe 
plete combustion of a stated mass of the food; it 1s often given s ior es 
per kilagram or large Calories per pound. It takes no account 2 as value 
of the food from any other point of view, Or sometimes even of the suita- 
‘bility of the food for use by the human organism. . 
A device for converting one form of energy into another, especially for 
forms of energy into mechanical (i.e. kinetic ) energy. 


unds containing the group —CH — C(OH)-. See Keto-enol 


engine 
converting other 


enols Organic compo 


tautomerism- j | : | | 
ich To increase the abundance of a particular isotope in a mixture of iso- 

wo especially to increase the abundance o: the fissile isotope of a nuclear 
opes. 


fuel. 
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enthalpy H. A thermodynamic property of a substance given by H = U + PV: 
where U is the internal energy, p the pressure, and V the volume. 

entrainment The transport of particles (e.g. fine droplets) in a moving stream 
of a fluid (e.g. the vapour of a boiling liquid ). 

entropy S. A quantity introduced in the first place to facilitate the calceus 
tions, and to give clear expression to the results of Hhermodynamss 
Changes of entropy (AS) can be calculated only for a reversible proces, 
and may then be defined as the ratio of the quantity of energy taken E: 
(AQ) to the thermodynamic | temperature (T) at which the energy 2: 
absorbed, i.e. AS — AQ/T. Entropy changes for actual irreversible PO aE 
are calculated by postulating equivalent theoretical reversible changes. Y | 
entropy of a system is a measure of its degree of disorder. The tom | 
entropy of any isolated system can never decrease in any change; 1t mus 
either increase (irreversible process) or remain constant (reversible process, 
The total entropy of the Universe therefore is increasing, tending towards 1 
maximum, corresponding to complete disorder of the particles in it Cora 
ing that it may be regarded as an isolated system). See heat death of t 
Universe. 


enyne A hydrocarbon with a double (-ene) and a triple (-yne) bond between | 
carbon atoms in its molecule. 


enzyme A large group of proteins produced by living cells, which act as cata- 
lysts in the chemical reactions upon which life depends. Certain parts of the 
enzyme molecule (called the ‘active centres) combine with the substrate 
molecule in such a way that the substrate undergoes chemical changes Very 
much more rapidly than it would in the absence of the enzyme, while the 
enzyme itself remains unchanged. As enzymes are not consumed in these 
reactions they are effective in only minute quantities. Nearly all enzymes 
are highly specific in their action and therefore enormous numbers of them 
are found in nature. Many enzymes require the assistance of certain acces- 
sory substances (e.g. coenzymes) for their proper functioning and some 
require precisely defined conditions of temperature and pH for their opt 
mum performance. The enzyme production of a cell is controlled by its 
genes. Mo 

Enzymes are usually named by adding the suffix -ase to a word indicating 

the nature of the substrate (e.g. amylase) or the type of reaction involve 
(e.g. dehydrogenase ). A few enzymes retain old names that relate to neither 
of these rules (e.g. pepsin, trypsin ). 

enzymolysis The decomposition of a substance catalyzed by an enzyme. 

eosin Tetrabromofluorescein. C;9 Hg Br4O;s. A red crystalline insoluble sub- 
stance obtained from fluorescein, m.p. 295—6°C., used as a red dye. 

epact 1. The difference in days between the length of a solar year and a lunar 
year. 2. The Moon's age in days at the start of the calendar year. | 

ephedrine CCH; CHOHCH(CH;)NHCH,. A white crystalline optically active 
alkaloid, m.p. 40°C., used in medicine to treat asthma, colds, etc. 

ephemeris A table that gives the predicted positions and the movements of 
celestial body such as a planet or comet. Also an annual publication con 
taining astronomical data. o 


ephemeris time Time measured on the basis of the orbital movements of the 
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planets and the Moon. Until 1964 the ephemeris second provided the funda- 
mental unit of time. 
epicentre The point on the surface of the Earth that lies directly above the 
focus of an earthquake. ne a 
epichlorohydrin 1-Chloro-2,3-epoxypropane. OCH,;CHCH)Cl. A colourless liq- 
uid, b.p. 116°C. A highly reactive epoxy compound used in the manufac- 
ture of epoxy resins and in many other reactions of organic synthesis. 
epicycle 1. (math.) A circle whose centre rolls round the circumference of a 
larger circle without slipping. 2. (astr.). Ptolemy (A.D. 127—151) based his 
astronomy on the theory that the p/anets moved in epicycles round a larger 
circle, called the deferent, at the centre of which lay the Earth. 
epicyclic gears A system of gears in which one or more wheels move around 
the outside, or the inside, of another wheel whose axis is fixed. 
epidiascope An optical projector for throwing an enlarged image of either an 
opaque object or a transparency upon a screen. Used for illustrating lec- 
tures. 
epimerism A type of optical isomerism occurring in carbohydrates and some 
other types of compound. It is due to the formation of isomers (epimers) 
that differ in their molecular arrangements about an asymmetric atom in a 
molecule containing two or more asymmetric atoms. 
epinephrine See adrenaline. 


epitaxy The growth of one crystalline substance on another so that both have 
the same crystal structure. Epitaxial layers are used in the manufacture of 
semiconductor devices. 

epithermal neutrons Neutrons that have energies in excess of the energy associ- 
ated with thermal agitation. Neutrons that have speeds and energies inter- 
mediate between fast and thermal neutrons (i.e. between about 0.1 and 100 T 
electron-volts ). | 
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be 

epoxide A compound in which an oxygen atom is bound to two carbon atoms, 34 
forming a three-membered ring. . 
epoxy- Prefix denoting an oxygen atom whose free valences are attached to s 


different atoms, which are otherwise connected; usually applied to cases in 


which oxygen forms a three-membered ring with two carbon atoms. 
epoxyethane Ethylene oxide, oxirane. CH;CH;ÓO. A colourless flammable gas 


(liquid below 10.7? C.), made by the oxidation of ethene in the presence of a 
| catalyst. It is used to make ethanediol, ethanolamines, etc. He os P 
: ; : S 
epoxy resins Thermosetting resins made by the reaction of epichlorohydrin wt 
RISE compounds, such as bisphenol A (4,4'-isopropylidenediphenol), in 
the presence of a catalyst. They are used in the manufacture of electrical 
as structural materials, in surface coatings, and as adhesives. 


onents, : ; 

Exon Seld Epsomite. See magnesium sulphate. MgSO, 7H» o. : 
tion, chemical A representation of a chemical reaction, using the symbols IN 
equa lements to represent the actual atoms and molecules taking part in t4 
of the erem nt of the various atoms of the" substances Eo 


an: the re-arrangeme 
the: fea artis thus shown. E.g. the chemical equation 
taking P H, + Cl, = 2HCI 

ts the reaction between hydrogen and chlorine to form hydrogen 


OPRIE and states that a hydrogen molecule, consisting of two atoms of 
137 
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EQUATION, MATHEMATICAL 


hydrogen (H5), reacts with a similarly constituted chlorine molecule, to gV¢ 
two molecules of hydrogen chloride, each consisting of one hydrogen E 
one chlorine atom (2HCl). From a knowledge of the equation for m 
chemical reaction, and of the relative atomic masses of all the elemen 
taking part, it is thus possible to calculate the proportions by mass 1n wm 
the substances react, since the whole bulk of the reaction consists merely ^ 
the repetition, a vast number of times, of the process depicted by the EE 
tion. 

equation, mathematical A statement of equality between known and unknown 
quantities. Thus the equation 3x — 15 is true only when x = 5. 

equation of motion See motion, equations of. 


equation of state Any equation connecting the pressure p, volume V, and uir 
modynamic temperature T of a substance. Some equations of state attemp! 
to cover more than one phase of the substance, e.g. Van der Waals’ equa 
tion of state, and are approximate. Others are intended to be applied s 
one particular phase of the substance, e.g. the gaseous phase, and then on 
within certain limits of p, V, and T. With these limitations, these Jati 
equations can represent the actual behaviour of the substance with greate 
accuracy. E 

equation of time The difference between mean solar time, as given by à do 
and apparent solar time, i.e. sundial time. The time of rotation of Er 
Earth upon its axis is not exactly equal to the time from noon to noon, t 
difference being caused by the motion of the Earth relative to the Sun to 
complete a circuit in one year, and also by the inclination of the ecliptic t? 
the Equator. 

equator, terrestrial The great circle of the Earth, lying in a plane perpendicu- 
lar to the axis of the Earth, that is equidistant from the two Poles. See also 
magnetic equator and celestial equator. 


equilateral figure A figure having all its sides equal in length. E.g. an equilat- 
eral triangle. 


equilibrium A state of balance between opposing forces or effects. 
equilibrium, chemical See chemical equilibrium. 


equilibrium constant In any chemical reaction there is always a state of chemi- 
cal equilibrium, at a given temperature and pressure, between the concent’ A 
tion of the reactants and the concentration of the products. The position © 
this equilibrium, under specific conditions, is expressed by the equilibrium 
constant, Ķ, such that in the reaction: 
aA + bB = cC + dD 
K is given by: 

(Cc)*(Cp)7/(C4)*(Cg)^. TUR 
where C4 is the concentration of the substance A, ‘a’ molecules of Ww rin 
take part in the reaction. In gas-phase reactions, partial pressures can 
used instead of concentrations. s 

equimolecu'ar mixture A mixture containing substances in equal moe 
proportions; ie. in the ratio of their relative molecular masses. E.g. inv 3 
sugar, formed by the hydrolysis of cane-sugar. Each molecule of the en i 
sugar is split into a molecüle of glucose and a molecule of fructose, tht 
forming an equimolecular mixture of the two latter. 
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ERYTHROCYTES 


equinox The moment (or the point) at which the Sun apparently crosses the 
celestial equator; the point of intersection of the ecliptic and the celestial 
equator. 
equipartition of energy In any physical system in thermal equilibrium the 
average energy per degree of freedom is the same, and equals KT/2, where 
k = Boltzmann’s constant and T = the thermodynamic temperature of the 
system. This provides a means of calculating the total thermal energy of a 
system. Thus, in 1 mole of a monatomic gas, each atom possesses three 
degrees of freedom (due to its translatory motion ), and the total number of 
atoms is L (Avogadro constant ). Hence the total energy per mole of the gas 
is 3LkT/2 or 3RT/2, since k = R/L, where R is the gas constant. This 
theory was proposed by Boltzmann but was demolished by the quantum 
theory. |t provides a good approximation in some circumstances. 
equipotential lines and surfaces Lines and surfaces having the same electric 
potential. 
equivalence point The end point in a titration. 
equivalent, electrochemical See electrochemical equivalent. 
equivalent weight See chemical equivalents. 
equivocation A term used in information theory to indicate the rate of loss of 
information (per second or per symbol) at the receiving end of a channel of 
information due to noise. 
erbium Er. Element. R.a.m. 167.26. At. No. 68. A silvery metal r.d. 9.066, 
m.p. 1529 C. b.p. 2868°C., used in some alloys and as a neutron absorber. 
See lanthanides. 
erecting prism A right-angled optical prism used in optical instruments to 
render an inverted image upright. 
erg A unit of work or energy in the c.g.s. system of units; the work done by a 
force of 1 dyne acting through a distance of 1 cm. 1 erg = 10 7 ? joule. E 
ergometrine Ergonovine. C;9H23N302. A colourless crystalline alkaloid, 4 
Obtained from ergot, and used in medicine to prevent haemorrhage. 
ergonomics The engineering aspects of the study of the relation. between 
human workers and their working environment. : : 
ergosterol C;4 H43OH. A white crystalline sterol, m.p. 163*C., that occurs in ^ 
small amounts in the fats of animals; it is converted into vitamin D5 (cal- 
ciferol) by the action of ultraviolet radiation. i E 
ergotamine C45 H35N505. A crystalline insoluble polypeptide, m.p. 212.4 C. 
Obtained from ergot, and used in the form of its fartrate in medicine as a 
uterine stimulant. : i 
ergotoxine C45 H4; N5O6. A white crystalline insoluble alkaloid, obtained from 
ergot, and used in medicine as a uterine stimulant. 
Erinoid* A thermoplastic material prepared from casein and formaldehyde. 
Erlenmeyer flask A flat-bottomed conical laboratory flask with a narrow neck. 
Named after E. Erlenmeyer (1825—1909). ‘ my r 
erythritol 1,2,3,4-Butanetetrol. (CH;OHCHOH). An optically attive. white 
crystalline polyhydric alcohol, m.p. 121.5°C, used as an Pineda a 
organic synthesis. The Lape ee ester is used in medicine for treatment o 
i i ressure. , 
Be M eas ae cells of the blood that contain haemoglobin 
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and whose function it is to transport oxygen through the body. Bry 
cytes have no means of propulsion, and in mammals the cells have x 
nuclei. Human blood contains approximately five million erythrocytes PC! 
cubic millimetre. 

Erythromycin* C4;H4;NO;,. An antibiotic produced by the Streptomyces 
mould, used to combat a variety of bacterial infections. 

Esaki diode See tunnel diode. 


escape velocity The velocity that a projectile or space probe would need to 
attain in order to escape from a particular gravitational field. The RU 
velocity from the surface of a planet (or moon ) depends on the planet a e 
moon’s) mass and diameter. The escape velocity from the Earth's surface ! 


about 11200 metres/s (25 000 m.p.h.) and from the Moon's surface about 
2370 metres/s (5300 m.p.h.). 


ESR See electron-spin resonance. 

essential amino acid An amino acid that must be present in the diet of an 
organism, i.e. one that it is unable to synthesize. 

essential oils Natural oils obtained from plants, mostly benzene derivatives OF 
terpenes. They are used for their flavour or odour. 

esterases Enzymes that control hydrolysis of esters. Aca 

ester gums Rosin esters. Products made by esterification of organic acids 10 


rosin with polyhydric alcohols, especially glycerol. They are used !n 
varnishes. 


ERYTHROMYCIN* 


esterification The formation of an ester by the chemical reaction of an nde 
with an alcohol; e.g. the action of ethanol on ethanoic acid to form etl 
ethanoate and water. C)HsOH + CH;COOH = CH,COOCSH, + H20: 

esters Organic compounds corresponding to inorganic salts, derived by replac- 
ing hydrogen of an acid by an organic radical or group. E.g. ethyl etha- 
noate, CH,;COOC;Hs, is the ethyl ester of ethanoic acid, CH3COOH- 
Many esters are pleasant-smelling liquids used for flavouring essences- 
Many vegetable and animal fats and oils also belong to this class. d 

etalon An interferometer used for studying fine spectrum lines. It depen 5 
upon the interference effects produced by multiple reflection between fixed, 
parallel, half-silvered glass or quartz plates. $ 

ethanal Acetaidehyde. CH;CHO. A colourless liquid with a pungent fruity 
smell, b.p. 21°C. Formed by the oxidation of ethanol; further oxidation 
gives ethanoic acid. It is used as an intermediate in the manufacture si 
many organic compounds. If dilute acid is added to the compound ! 
polymerizes to the trimer, ethanal trimer (see paraldehyde ). 

ethanamide Acetamide. CH4CONH;. A colourless crystalline substance, m-P- 
81*C., odourless when pure. It is used industrially as a solvent, etc. E 

ethane C; Hg. The second member of the alkane series. A colourless odourles: 
gas. B.p. —88*C. It is used chiefly in organic synthesis. 

ethanedioic acid See oxalic acid. ee eT 

ethanediol-Ethylene glycol, glycol. (CH; OH). A colourless viscous liquid m 
a sweet taste, b.p. 197°C. It is used as an antifreeze, in the manufacture 
polyesters and plasticizers, and as a solvent. - 

ethanethiol Ethyl mercaptan. C)H;SH. A colourless flammable /iquid, b-P- 
37°C., used in the manufacture of rubber accelerators. 
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ETHYL ALCOHOL 


ethanoate A salt or ester of ethanoic acid. 
ethanoic acid Acetic acid. CH;COOH. The acid contained in vinegar (3 to 
6%). A colourless corrosive liquid with a pungent smell; m.p. 16.6*C., b.p. 
118.17C. It solidifies at low temperatures to glacial ethanoic acid. 1t is made 
by the oxidation of ethanol or butane and is used in the manufacture of 
cellulose ethanoate and in other industries. 
ethanoic anhydride Acetic anhydride. (CH;CO),0. A colourless pungent /ig- 
uid, the anhydride of ethanoic acid, b.p. 140°C., used in the manufacture of 
plastics. 
ethanol Ethyl alcohol. C; H5OH. A colourless flammable liquid, b.p. 78.5°C. 
It is the substance produced in fermentation of sugars and is the active 
constituent of alcholic drinks; it is used as a fuel and as a solvent. Indus- 
trially it is made from ethene. See proof spirit; absolute alcohol. 
ethanolamines Organic amines derived from ethanol: monoethanolamine, a col- 
ourless viscous liquid, NH} CH? CH5;OH, m.p. 10.3°C., b.p. 172°C.; dietha- 
nolamine, NH(CH; CH;OH);, a viscous liquid or deliquescent white solid, 
m.p. 28°C.; triethanolamine, N(CH CH; OH), a highly Aygroscopic viscous 
colourless liquid, m.p. 21°C. They are manufactured by the action of 
ammonia on epoxyethane and are used for the absorption of acid gases, and 
as intermediates in the production of surfactants. 
ethanoyl group Acetyl group. The organic group CH;CO-. 
ethene Ethylene. H5 C:CH;. The first member of the alkene series. A colour- 
less flammable gas with a sweetish smell, b.p. —103.9*C., it is made from 
petroleum and used in the manufacture of ethanol and many other organic 
chemicals. It polymerizes to polythene. 
ethene-propene rubber EPR. A fully saturated, stereo-regular, synthetic rubber 
prepared by the solution polymerization of approximately equal proportions 
of ethene and propene. It cannot be cured by sulphur vulcanization but 
satisfactory vulcanization can be achieved by using peroxide curing sys- 
tems. 
ethenoid plasti 
ing a double bond, c.g. ai 
ethenyl ethanoate Vinyl acetate. CH) 
uid, b.p. 71-72°C., that polymerizes 
ether (aether) The hypothetical medium 
was postulated as a medium to suppo 
radiations. Once the subject of controversy, 
essary assumption. f 
ethers A group of organic compounds with the general formula ROE formed 
by the condensation of two alcohol molecules. The compount rom 
called ‘ether’ is ethoxyethane (diethyl ether), C; H;.O.C; Hs, i T) 
made by dehydrating ethanol by means of CODE sulphuric acid. 
Ethoxyethane is used as an anaesthetic and as a solvent. 6 
ethoxy The univalent radical C;H50-. 
ethoxyethane See ethers. 
ethyl acetate See ethyl ethanoate. 
ethyl alcohol See ethanol. 


ics A class of thermoplastic resins made from substances contain- 
crylic, styrene, and vinyl resins. 

:CHOOCCH3. A colourless insoluble lig- 
to form polyvinyl acetate (ethanoate). 
that was supposed to fill all space: it 
rt the propagation of electromagnetic 
it is now regarded as an unnec- 
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ETHYL BUTYRATE 


ethyl butyrate Butyric ether. C4H; COOC; Hs. A volatile liquid, b.p. 120°C» 
used in flavouring and in perfumes. 1 

ethyl carbamate Urethan(e). NH,COOC)Hs. A white crystalline solid, mp: 
48°C. Used in the molten state as a solvent; it is also used as an interme 
diate in the manufacture of resins and in medicine. 

ethylene See ethene. 

ethylenediaminetetraacetic acid See EDTA. 

ethylene dibromide See dibromoethane. 

ethylene dichloride See dichloroethane. 

ethylene oxide See epoxyethane. 


ethyl ethanoate Ethyl acetate. CHCOOC; Hs. A colourless liquid with 
pleasant fruity smell, b.p. 77°C. It is used as a solvent and in flavouring’ 
and perfume. 

ethyl fluid A solution of tetraethyllead, Pb(C;Hs),, and dibromoethane, 
C,H4Br2, used as an anti-knock compound in motor fuel. 

ethyl group The univalent alkyl radical C, Hs. 

ethyl nitrite Nitrous ether. C;H5NO,. 
b.p. 17*C., used in medicine. 


ethyne Acetylene. A colourless poisonous flammable gas; the first member e. 
the alkyne series. It is made by the action of water on calcium dicarbi a 
CaC,, or by the action of an electric arc on other hydrocarbons. It is use! 
as a starting material for many organic compounds, and for welding On 
account of the high flame temperature (about 3300°C.) it produces when 
burnt in oxygen. (See oxy-acetylene burner ). 


euchlorine A gaseous mixture of chlorine, Cb, and explosive chlorine peroX- 
ide, CIO;. 


A volatile liquid with a sweet smell, 


eudiometer A glass tube for measuring volume changes in chemical reactions 
between gases. 


eugenics The study of the genetic control of human populations, with a view 
to improving their constitution, by selectively encouraging breeding among 
those people considered by eugenicists to be the most desirable. 4 

eugenol Ci 9H,202. A colourless oily liquid, m.p. 92*C., bp. 255 C. 
extracted from oil of cloves. It is used in perfumes and as an antiseptic. 

europium Eu. Element. R.a.m. 151.96. At. No. 63. A silvery metal, rd. 524 
m.p. 826°C., b.p. 1529*C., two isotopes of which occur in tiny quantities 1 
nature. See /anthanides. 

eutectic mixture A solid solution of two or more substances, having the loyer 
freezing point of all the possible mixtures of the components. This is Taken 
advantage of in alloys of low melting point, which are generally eutec 
mixtures. : : EE 

eutectic point Two or more substances capable of forming solid solutions "ie 
each other have the property of lowering each other's freezing point; of 
minimum: freezing point attainable, corresponding to the eutectic mixture, 
the eutectic point. ; h- 

evaporation The conversion of à liquid into vapour, without necessarily Teac E 
ing the boiling point; it is used in concentrating solutions by evaporating 5 2 
the solvent. As it is the fastest moving molecules that escape from t 
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EXOSMOSIS 


surface of a liquid during evaporation, the average Kinetic energy of the 
remaining molecules is reduced, and therefore evaporation causes cooling. 
evaporometer See atmometer. 
even-even nucleus A nucleus that contains both an even number of protons 
and an even number of neutrons. 
even-odd nucleus A nucleus that contains an even number of protons but an 
odd number of neutrons. 
event horizon See black hole. 
evolute A curve that is formed from the /ocus of the centres of curvature of 
another curve (the involure). The end of a stretched string unwound from 
the evolute traces the involute. 
evolution See Darwin's theory; neo-Darwinism. 
exa- Prefix denoting one million million million; 10'S, Symbol E, e.g. Em = 
10!3 metres. 
excess (chem.) A greater quantity of one substance or reagent than is neces- 
sary to react with a given quantity of another. 
excess electron An electron in a semiconductor donated by an impurity, which 
is not required in the bonding system of the crystal and which is therefore 
available for conduction (‘excess conduction’). 
aci £j ie be o! foree that holds nucleons together in the nucleus 
» Visualiz exchange of mesons between the nucleons. 2. 
A force occurring in ferromagnetic materials. See ferromagnetism. 
exchanges, Prevost's theory of Bodies at all temperatures are constantly radiat- 
ing energy to each other, those at constant temperature receiving in a given 
time as much energy as they emit. 
excimer An excited dimer, formed by the association of excited and unexcited 
molecules (see excitation ), which in the ground state would remain dissoci- 
ated. Excimer fluorescence occurs in many polycyclic hydrocarbons. 
excitation The addition of energy to a nucleus, an atom, or a molecule, trans- 
ferring it from its ground state to a higher energy level. The ‘excitation 
energy’ is the difference in energy between the ground state and the excited 
state. 1 : 
exciton A non-conduction, non-localized, excited electron state in a semicon- 
ductor. It may be regarded as a bound electron-hole pair, or alternatively as 
an atomic excitation passed from atom to atom. 
exclusion principle See Pauli exclusion principle. a ; 
exitance Emittance (formerly). M. 1. The radiant exitance (Me) is the radiant 
flux emitted per unit area of a surface, measured in Wm *. 2. The lumi- 
nous exitance (M, ) is the /uminous flux emitted per unit area of a surface, 
measured in Im m- ?. ar 
exocrine glands Glands that discharge their secretions into ducts, such as tear 
and saliyary glands. Compare endocrine glands. 1 
exoenzyme An enzyme that functions outside the cell that produces it, e.g. 
pepsin. 
exoergic process A 
nuclear reaction ). 
exosmosis Outward osmotic flow. See osmosis. 
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EXOSPHERE 


exosphere The outermost layer of the Earth's atmosphere, in which the aens 
is such than an air molecule moving directly outwards has a 50% chance o! 
escaping rather than colliding with another molecule. The exosphere lies 
beyond the ionosphere and starts some 400 kilometres above the Earth's 
surface. See Fig. 44, page 000. 

exothermic process A process in which energy in the form of hear is released. 

expansion of gases A perfect gas expands by 1/273 of its volume at 0°C. for 
each degree rise in temperature, the pressure being constant (Charles’ Law ). 
Real gases obey this law only approximately at ordinary pressures, but the 
approximation becomes more and more valid as the pressure is reduced, 
ie. as the gas tends towards a perfect gas. 


expansion of liquids The directly observed expansion is the apparent expansiv- 
ity, since the vessel containing the liquid also expands. The absolute expan- 
sivity is the sum of the apparent expansivity, and the volume expansivity 
of the containing vessel. h 

expansion of the Universe The widely accepted theory that the Universe is 
expanding, i.e. that clusters of galaxies are receding from each other. It is 
based upon the evidence of the red shift (see also Doppler effect) and the 
theory of relativity. See Hubble constant. 


expansivity Coefficient of thermal expansion. 1. Linear expansivity. The 
increase in length per unit length, caused by a rise in temperature of 1 C. 
2. Superficial expansivity. The increase in area per unit area caused by à 
rise in temperature of 1°C. 3. Volume expansivity. The increase in volume 
per unit volume caused by a rise in temperature of 1°C. For isotropic 
media, the area and volume expansivities are approximately double and 
treble the linear expansivity, respectively, for the same substance. 

explicit function (math.) A variable quantity, x, is said to be an explicit 
function of y, when x is directly expressed in terms of y. 


explosion A violent and rapid increase of pressure in a confined space. It may 
be caused by an external source of energy (e.g. heat) or by an internal 
exothermic chemical reaction in which relatively large volumes of gases are 
produced. Explosions may also occur as the result of the release of internal 
energy during an uncontrolled nuclear reaction (either fission or fusion OF 
both). : 

explosives Substances that undergo a rapid chemical change, with production 
of gas, on being heated or struck. The volume of gas produced being very 
great relative to the bulk of the solid explosive, great pressures are set up 
when the action takes place in a confined space. Examples include gunpow- 
der, TNT, and nitroglycerin. 

exponent (math.) The number indicating the power of a quantity. Thus the 
exponent of x in x* is 4. 

exponential The mathematical series, 


e*— l| x+ x?/2! + 29/3814 LL xn! 
is called ai? exponential series. When x = 1, 
e=1+1+%+4 1/6 + 1/24 +... = 2.71828 (approx). 


The function of x, defined by y — e* is called an exponential function and 


€* is the exponential x. The constant e is the base of natural or Napierian 
logarithms. 
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EYE-PIECE 
exposure meter (phot) A photoelectric cell operating a suitable indicating 
meter, used in photography to assess the amount of /ight available, so that 
Es correct shutter speed and aperture may be chosen for a given ‘speed’ of 
m. 
expression (math.) A representation of a value, or relationship, in symbols. 
extender 1. An inorganic powder added to paints to improve such properties 
as film formation, and to avoid settlement on storage. 2. A substance 
added to glue or synthetic rubber that reduces their cost or to some extent 
modifies their properties (e.g. viscosity ). E 
extensometer An instrument for measüring the extension produced in a body 
under an applied stress. 
extinction coefficient A measure of the amount of light absorbed by a sub- 
stance in solution. If light of intensity Jọ is passed through a distance d of 
a solution containing a molar concentration c of the dissolved substance, so 
that its intensity is reduced to Zr, then the extinction coefficient is given 
by: 
[logi o(Jo//r)I/cd 
extraction The process of separating a desired constituent from a mixture, by 
means of selective solubility in an appropriate solvent. Also used to describe 
any process by which a pure metal is obtained from ore. 
extraordinary ray See ordinary ray. 
extrapolation The process of filling in values or terms of a series on either 
side of the known values, thus extending the range of values. 
extremely high frequencies EHF. Radio frequencies in the range 30000 to 
300 000 megahertz. 
extrinsic semiconductor A semiconductor in which the carrier density results 
mainly from the presence of impurities or other imperfections, as opposed 
to an intrinsic semiconductor in which the electrical properties are charac- $ 
teristic of the ideal crystal. H 


eye-piece In optical instruments, the /ens or system of lenses nearest the -$ 
observer’s eye; generally used to view the image formed by the objective. M 
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FACE-CENTRED 


face-centred See body-centred. 


factor (math.) A number or quantity is exactly divisible by its factors: thus 
the factors of 12 (i.e. the integral or whole-number factors) are 1, 2, 3. 4 6. 

12. 

factor, prime The prime factors of a quantity are the prime numbers bo 
when multiplied together, give the quantity. Thus, the prime factors of 16 
are 3, 5, and 11. 

factorial The product of a number and all the consecutive positive whole 
numbers below it down to 1. Thus, factorial 5, written 5! or 

5X4X3x2x12-2120. 

faculae Large bright areas of the photosphere of the Sun, whose temperatures 
are higher than the average of the Sun's surface. Y 

Fahrenheit scale The temperature scale in which the melting point of ice 1$ 
taken as 32°F. and the boiling point of water under standard atmospheric 
pressure (760 mm) as 212°F. 9 Fahrenheit degrees — 5 Celsius degrees. To 
convert degrees F. to degrees C., subtract 32 from the F. value, multiply bY 
5, and divide by 9; to convert degrees C. to degrees F., multiply by 9, 
divide by 5, then add 32 to the result. Named after G. D. Fahrenheit 
(1686-1736). 

Fajans’ rules See rules of Fajans. 


fall-out Radioactive substances deposited upon the surface of the Earth from 
the atmosphere. Three types of fall-out, subsequent to the explosion of a 
nuclear weapon, are recognized. ‘Local fall-out’ as a result of which large 
Particles from the fire ball are deposited within a range of approximately 
100 miles during the first few hours after the explosion. "Tropospheric fall- 
out’, during which fine particles are deposited around the globe, in the 
approximate latitude of the explosion, within a week or so. “Stratospheric 
fall-out’ consisting of the ultimate worldwide deposition, over a period O 
years, of the particles that were carried by the explosion into the strato- 
sphere. 

farad The derived SI unit of capacitance defined as the capacitance of 5 
capacitor between the plates of which there appears a potential difference O 
1 volt when it is charged with 1 coulomb. Symbol F (equal to ampere 
seconds per volt). Equivalent to 10? electromagnetic units and 8.99 z n 
electrostatic units. The practical unit is the microfarad, which is 10~° farad. 
Named after M. Faraday (1791— 1867). 

Faraday constant F. The electric charge carried by unit amount of ME 
(one mole) of electrons, i.e. the product of the Avogadro constant and Em 
charge oman electron. It has the value 9.648 670 x 104 coulombs per moie. 

Faraday effect Faraday rotation. The rotation of the plane of vibration US 
polarization of light) of polarized light on traversing, an isotropic transpare 
medium placed in a magnetic field possessing a component in the direction 
of the light ray. Although originally restricted to light, the Faraday effect is 
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now known to apply to other electromagnetic radiations. Thus, the plane of 
polarization of a radar pulse travelling through the ionosphere is rotated by 
the combined effects of the ionization and the Earth’s magnetic field (see 
magnetism, terrestrial). By reflecting radar pulses from the Moon, or other 
Earth satellites, and measuring the total rotation, the extent of the ioniza- 
tion in the ionosphere can be calculated. 

Faraday's laws See electrolysis, Faraday's law of. 

fast fission See fast neutrons. 

fast neutrons Neutrons resulting from nuclear fission that have lost little of 
their energy by collision and therefore travel at high speeds. It is usual to 
describe neutrons with energies in excess of 0.1 MeV as ‘fast’. However, 
fission induced by fast neutrons is often described as ‘fast fission’ and in 
this context the neutrons are so described if they have energies in excess of 
the fission threshold of uranium-238, i.e. above 1.5 MeV. 

fast reactor A nuclear reactor in which little or no moderator is used and in 
which, therefore, the nuclear fissions are caused by fast neutrons. 

fathom A unit of marine depth equal to 6 feet (1.83 metres). 

fathometer A depth-sounding instrument. The depth of water is measured by 
noting the time the echo of a sound takes to return from the sea bed. 

fatigue of metals The deterioration of metals owing to repeated stresses above 
a certain critical value; it is accompanied by changes in the crystalline 
structure of the metal. 


fats and oils Simple lipids consisting of mixtures of various glycerides of fatty 
acids, which occur in plants and animals and serve as storage materials. 
The distinction fats and oils (as distinct from mineral oils, which are hydro- 
carbons ) is one of melting point; the term oil is usually applied to glycer- 
ides liquid at 20°C., the others being fats. 

fatty acids Monobasic organic acids having the general formula R.COOH, 
where R is hydrogen or a group of carbon and hydrogen atoms. The satu- 
rated fatty acids have the general formula C,H5, +1 COOH. Many fatty 
acids occur in living things, usually in the form of glycerides in fats and 


oils. 


febrifuge See antipyretic. , 
feedback In general, the coupling of the output of. a process to the input. In 
‘negative feedback’ a rise in the output energy is arranged to cause a 
decrease in the input energy (e.g. a governor ). In ‘positive feedback’ a We 
in the output energy is caused to reinforce the input energy. In paroni d 
these terms are applied to electronic amplifiers, in which a portion of the 
output energy is used to reduce or increase the amplification, by reacting 
on an earlier stage according to the relative phase of the return. à 
Fehling's solution A solution of copper(II) sulphate, CuSO,, sodium Mei cu 
NaOH, and potassium sodium tartrate (Rochelle salt). It is us a the 
detection and estimation of certain sugars, aldehydes, and other rec nang 
agents, which act upon the solution with the formation of S deu Ue ate 
of copper(I) oxide, Cu;O. Named after Herman Fehling a 312- * i 
feldspar A large group of rock-forming minerals consisting chiefly ol ian 
silicates of potassium and sodium. They are constituents of granite am 
other primary rocks. 
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femto- Prefix denoting one thousand million millionth; 107 !5. Symbol f. 

Fermat’s principle of least time The path taken by a ray of light or other wave 
motion in traversing the distance between any two points is such that the 
time taken is a minimum. Named after Pierre de Fermat (1601-65) —— 

fermentation A chemical change brought about in organic substances by liv- 
ing organisms (yeast, bacteria, etc.) by enzyme action. It is usually applied 
to the alcoholic fermentation produced by the action of zymase on certain 
Sugars, giving ethanol and carbon dioxide according to the equation: 

C6H1206 = 2C;H,OH + 2CO; 

fermi A unit of length, used in nuclear Physics, equal to 107 !? em. Named 
after Enrico Fermi (1901-54). 

Fermi-Dirac statistics The branch of statistical mechanics used with systems of 
identical particles having the property that their wave function changes sign 
if any two particles are interchanged. See fermions. Named after Enrico 
Fermi (1901—54) and P. A. M. Dirac (1902-84). 

Fermi level The energy level in a solid at which the probability of finding an 
electron is 1/2. At absolute zero all the electrons would occupy levels below 
the Fermi level. But at real temperatures, in conductors the Fermi level lies 
in the conduction band (see energy bands), in insulators it lies in the 
valence band, and in semiconductors it lies in the gap between the conduc- 
tion band and the valence band. ‘ 

fermions Elementary particles that conform to Fermi-Dirac statistics. The 
numbers of elementary fermions are conserved throughout all nuclear inter- 
actions, but they are divided into two groups, baryons and leptons, which 
are distinguished from each other in that members of one group cannot 
transform into members of the other group. All fermions have spin ¥,. See 
Appendix, Table 6. 

fermium Fm. Transuranic element. At. No. 100. The most stable isotope, fer- 
mium-257, has a half-life of only 10 days. 

ferrate A salt of the hypothetical ferric acid, H3 FeO,. 

ferric Containing iron in its +3 oxidation state, e.g. ferric oxide is iron(III) 
oxide, Fe; O,. Ferric salts are usually yellow or brown in colour. 

ferric alum Iron alum, iron(II) potassium sulphate. Fe; 


(SO4)4.K5SO4.24H5 0. A violet soluble crystalline double salt used in chemi- 
cal analysis. 


ferric chloride. See iron(III) chloride. 

ferric oxide. See iron(III) oxide. 

ferric sulphate See iron(III) sulphate. 

ferricyanide A salt of the unstable ferricyanic acid, H5Fe(CN),, i.e. one con- 
taining the hexacyanoferrate(IlI) ion. 

ferrimagnetism The type of magnetism occurring in materials in which the 
magnetic moments of adjacent atoms are anti-parallel, but of unequal 
Strength, or in which the number of magnetic moments orientated in one 
direction cutnumber those in the reverse direction. Ferrimagnetic materials 
therefore have a resultant Magnetization similar to that of ferromagnetism. 
Typical ferrimagnetic materials are the Serrites. 


ferrite 1. Any of several types óf iron ore. 2. Pure alpha-iron, or solid solutions 
of which alpha-iron is the solvent. 3. Any of a group of ceramic materials 
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m pe the property of ferrimagnetism. They consist of iron oxide to 
aides »- : quantities of transition metal oxides (e.g. cobalt and nickel 
ae ave been added. The spinel ferrites have the formula MO.Fe,0; 
where M is a divalent transition metal ion. More complex barium-contain- 
Ing ferrites have also been manufactured. By suitable combinations of 
metallic oxides, ferrites can be made that exhibit ferromagnetism, but as 
they are electrical insulators and therefore do not suffer from the effects of 
eddy currents, they can be used as cores in coils and transformers in elec- 
tronic equipment at frequencies that would be impossible with ordinary fer- 
romagnetic materials. Ferrites are also used in the construction of memory 
circuits in computers and, an account of their light weight, in the electrical 


equipment of aircraft. 

ferritin A protein found in the liver and s| 
reservoir of iron for the whole body. 

ferro- Prefix denoting iron, especially in names of ferroalloys. 

ferroalloy An alloy of iron and other elements used in making alloy steels. 
Examples include ferroaluminium, ferrochrome, ferromanganese, ferrosilicon, 


and ferrotungsten. 
ferroaluminium An alloy of aluminium (up to 80%) and iron. 
An orange crystalline solid, m.p. 173°C. It consists of a 
hich the iron is sandwiched between the two 
plexes with other metal ions are known, 


pleen that contains iron. Acts as a 


ferrocene Fe(C5 Hs); 
sandwich compound in wi 
cyclopentadiene rings. Similar com 


and are called metallocenes. 

ferrochrome An alloy of chromium with 30%-40% iron, obtained by the 
reduction of chromite with carbon in an electric furnace. 

ferrocyanide A salt of the unstable ferrocyanic acid, H4 Fe(CN)s, i.e. one con- 


taining the hexacyanoferrate(II) ion. 
ferroelectrics Dielectric materials that have electrical properties analogous to S 

certain magnetic properties such as hysteresis, e.g. barium titanate and 

Rochelle salt. Ferroelectric materials usually also have piezoelectric proper- 


ties (see piezoelectric effect ). 


ferromagnetic substances See ferromagnetism. 
ferromagnetism The metals iron, cobalt, nickel, and certain alloys are vastly 
more magnetic than any other known substance: these metals are said to 
be ferromagnetic. Ferromagnetism is due to unbalanced electron spin in the 
inner electron orbits of the elements concerned (see atom, structure of Ds 
which gives the atom a resultant magnetic moment. The ionic spacing in 
ferromagnetic crystals is such that very large forces, called exchange forces, 
ioments of large groups 


cause the alignment of all the individual magnetic mi f ; 
In an unmagnetized piece of 


of atoms to give highly magnetic domains. In, a piece « 
iron, these domains are oriented at random, their magnetic axes pointing 1n 
field serves to line up the 


all directions. The application of an external 1 
domain axes, giving rise to the observed magnetism. Ferromagnetic sub- 
stances have very large magnetic permeabilities, which vary» with the 
strength of the applied field. A given ferromagnetic substance loses its fer- 
romagnetic properties at a certain critical temperature, the Curie tempera- 
ture for that substance. d 
ferromanganese An alloy of manganese (708—805) and iron. 
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ferrosilicon An alloy of silicon (15%) and iron, used in special steels. 

ferrotungsten An alloy of tungsten (up to 80%) and iron. ; 

ferrous Containing iron in its +2 oxidation state, e.g. ferrous oxide is iron(II) 
oxide, FeO. Ferrous salis are generally pale green in colour. 

ferrous chloride See iron(II) chloride. 

ferrous oxide See iron(II) oxide. 


ferrous sulphate See iron(II) sulphate. 


fertile material Isotopes that can be transformed into fissile material by the 


absorption of neutrons (e.g. uranium-238 and thorium-232). 

fertilization The union of two sexually dissimilar gametes to form a zygote. 

fertilizers Materials put into the soil to Provide compounds of elements essen- 
tial to plant life; more Particularly nitrogen, phosphorus, and potassium. 
Nitrogen is provided in the form of nitrates, ammonium salts, calcium cyan- 
amide, etc. (see fixation of atmospheric nitrogen ); phosphorus is added in 
the form of superphosphate, basic slag, various phosphates, etc. Potassium. 1S 
obtained from natural potassium salts. Products of organic decomposition 


and waste, manure, etc., contain these and other necessary elements and 
form valuable fertilizers. 


FET See field-effect transistor. 


Feynman diagram See quantum electrodynamics. 
Fibreglass* See glass fibre materials. 
fibre optics See optical fibres. 


fibrin An insoluble substance precipitated in the blood of vertebrates in the 
form of a meshwork of fibres during the process of clotting. Fibrin 15 
formed when thrombin acts upon fibrogen. 

fibrinogen A soluble protein found in the blood of vertebrates that causes 
clotting of the blood by the action of the enzyme thrombin as a result of 
which fibrin is formed. 

fidelity A measure of the frequency response of a sound-producing system. 
"High fidelity’ systems are usually taken to be those that are capable of 
reproducing frequencies up to 12000 hertz without distortion. See also digi- 
tal recording. 

field The region in which an electrically charged body (see electric field), à 
magnetized body (see magnetic field ) or a massive body (see gravitational 
field ) exerts its influence. A field is thus a model for representing the way 
in which a force can exist between bodies, whether or not they are in 
contact. 


field coil A coil of wire used for magnetizing an electromagnet, e.g. in à 
dynamo. 

field-effect transistor (FET) A type of transistor that is in wide use for à 
variety of purposes. The two main forms are the junction field-effect wie 
sistor (JUGFET) and the insulated-gate field-effect transistor (IGFET). i 
former consists of a wafer of semiconductor material flanked by two highly 
doped layers of opposing types (n* and p*) the source travel io 
channel to the drain, the flow being controlled by a gate. In the insulate 
gate type, a wafer of semiconductor has an insulating layer formed on its 
surface between two highly doped regions of opposite polarity, which form 
the source and the drain. A conductor attached to the top of the insulating 
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me forms the gate. When a positive voltage is applied to the gate, elec- 
s move along the surface of the p-type substrate below, producing a 
thin n-type surface, called an inversion layer, which forms the channel 


between the source and the gate. 
field emission. The emission of electrons from an unheated surface as a result 


of a strong electric field existing at that surface. 

field-emission microscope A type of microscope for observing the surface 
Structure of a solid. A high negative voltage (7 10kV) is applied to a metal 
tip placed at the centre of a spherical fluorescent screen in a vacuum. Field 
emission from the tip produces electrons, which create an enlarged image 
on the screen. As resolution is limited by the vibrations of the metal 
atoms, the tip is usually cooled with liquid helium. 

field guidance A method of guiding a missile to a point within a field by 
means of the properties of that field. The field may be natural (e.g. a 
gravitational field) or artificial (e.g. an electromagnetic or radio field). 

field ionization The ionization of atoms or molecules at the surface of an 
unheated solid as a result of a strong electric field existing at that surface. 
Electrons are transferred from the atoms or molecules to the solid, produc- 
ing positive ions. 

field-ionization microscope A similar type of microscope to the field-emission 
microscope except that a high positive voltage is applied to the metal tip 
and instead of a vacuum the tip is surrounded by a low pressure of helium 
gas. ‘The image is formed on the fluorescent screen by the helium ions 

striking it. The resolution can be made sufficiently high for individual 


atoms to be distinguished. 
field lens The /ens in the eye-piece system of optical instruments farthest from 
the eye. 
field magnet 
motor, or other electrical machine. 
filament A thin thread. In incandescent electric-light bulbs and thermionic 
her metal of high melting 


valves, the filament is a wire of tungsten or oti 
e passage of an electric current. 


point, which is heated by th 
file (computers) A body of information that has a describable structure, 
allowing all, or part, of it to be retrieved from the store (or backing stor- 


age) on demand. 

filler A solid substance added to synthetic resins, paints, 
modify their properties or to reduce their cost. 

film 1. (chem.). A thin layer of a substance formed oi 
or at the interface between two immiscible liquids, usually only a few mole- 
cules thick. 2. (phot.). A flexible strip (usually cellulose acetate or a poly- 
ester) coated with a light-sensitive emulsion. See photography. 

film badge A badge containing a masked photographic film worn by workers 
in contact with ionizing radiations to indicate the extent of thcir exposure 


to these radiations. te ded Pel 
filter 1. .. A device for sẹ arating solids or suspen DEO 
er 1. (chem.) P ial (e.g. filter-paper) through the pores 


liquids. It consists of a porous matert: 
of which only liquids and dissolved substances can penetrate. 2. (phys.). A 
; 


A magnet that provides a magnetic field in the dynamo, electric 


and rubbers, either to 


n the surface of a liquid 
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material or device inserted in the path of an electromagnetic radiation to 
alter its frequency distribution. d 

filter press An apparatus used for carrying out filtration; it consists of a series 
of frames (metal or wooden) the two sides of which are covered with filter 
cloth. The frames are clamped together und the liquid to be filtered E 
pumped into them so that the solid residue forms a cake between the 
cloths while the filtrate is drained off. 


filter pump A type of vacuum pump used to assist filtration. It is similar in 
principle to the condensation pump. A jet of water entrains air molecules, 
thus reducing the pressure below the filter paper. or filter bed. It does not 
reduce the pressure below the vapour pressure of water. 

filtrate A clear liquid after filtration; a substance that has been filtered, and 
contains no suspended matter. 

filtration The process of se 
through a filter. 


finder A small low-powered telescope fixed parallel to the axis of a large 
telescope (usually astronomical) so that the object to be observed may be 
located and set in the field of vision of the large telescope. 


fineness of gold The quantity of gold in an alloy expressed as parts per 
thousand. Thus gold with a fineness of 900 is in alloy containing 90% gold. 
See also carat. 

fine structure The structure of certain spectrum lines when they are examined 
under high resolution. Single lines may be resolved into two or more 
closely spaced lines. See also hyperfine structure. 

fire A chemical reaction accompanied by the evolution of heat, light, and 
flame (i.e. a glowing mass of gas). It is generally applied to the chemical 
combination with oxygen of carbon and other elements constituting the 
substance being burnt. See combustion. 


fireclay Clay consisting principally of aluminium oxide, AlO}, and silica, 
SiO, which will only soften at high temperatures and which is therefore 
used as a refractory material. Fireclays often occur beneath coal seams. 

fire-damp An explosive mixture of methane (CH4) and air, formed in coal 
mines. 

fire extinguishers Hand devices for extinguishing fires in their early stages. 
They are usually classified according to the type of fire they are intended 
to combat, i.e. Class A fires (paper, wood, furnishings, and other common 
solid combustibles) and Class B fires (inflammable liquids, e.g. petrol, paraf- 
Jin, etc). Class A fires (which do not involve electrical equipment) are best 
combated with warer under pressure delivered from extinguishers in which 
the water is expelled by stored pressure or by carbon dioxide produced by 
the action of sulphuric acid on sodium hydrogencarbonate (the [ole 
type). Also in use are dry powder extinguishers (consisting of finely groun 
sodium or potassium hydrogencarbonate), and the halogenated hydrocarbon 
type e£, bromochlorodifluoromethane (BCF) or chlorobromomethane 
(CB). These halogenated hydrocarbons, however, like the fires themselves, 
produce toxic products of combustion, but BCF and CB are less toxic than 
carbon tetrachloride (CTC), as used in the older extinguishers. ) 

Class B fires are best extinguished by the dry powder extinguishers, halo- 
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FIXED POINT 


Benated hydrocarbon extinguishers, or by carbon dioxide extinguishers. Also 
used are air-foam extinguishers (based on slaughterhouse products high in 
protein ) or chemical foam extinguishers (based on solutions of aluminium 
sulphate and sodium hydrogencarbonate, which react together on mixing, 
evolving carbon dioxide and producing a foam ). 

Fischer-Tropsch process A process for the manufacture of hydrocarbon 
from coal, lignite, or natural gas. The process essentially consists of the . 
hydrogenation of carbon monoxide, CO, in the presence of catalysts; this 
results in the formation of hydrocarbons and steam. Named after F. Fischer 
(d. 1948) and H. Tropsch (d. 1935). 

ile material /sotopes that are capable of undergoing nuclear fission. Some- 
times the term is restricted to isotopes that are capable of undergoing 
fission upon impact with a slow neutron (e.g. uranium-233, uranium-235, 
and plutonium-239). 

fission, nuclear See nuclear fission. 

fission products Both the stable and the unsta 
result of nuclear fission. 

fission spectrum The energy distribution of the neutrons produced by the 
nuclear fission of a particular fissile material. 


fission-track dating A method of dating minerals, glass, etc., by observing the 
toms within them. The age of a 


tracks made by the fission of uranium a 
specimen can be estimated by exposing it to neutron radiation and compar- 
ing the density and number of tracks created by the fission so induced 


with those produced by natural fission. 
The synthesis of alkylarene hydrocar- 


Fittig reaction Wurtz-Fittig synthesis. h 
bons by the action of metallic sodium on a mixture of an haloalkane and a 
halogenated benzene derivative. 


Fitzgerald-Lorentz contraction The hypothesis p 
Fitzgerald ( 1893) and Lorentz (1895) to explain the result of the Michelson- 


Morley experiment on the supposition that a body moving with high velocity 


through the ether would experience a contraction in length in the direction 
of the motion. later shown to be a direct consequence 


This contraction was [ 
of the theory of rela after G. F. Fitzgerald (1851—1901) and 


oils 


ble isoropes produced as the 


put forward independently by 


tivity. Named 


H. A. Lorentz (1853- 1928). 
fixation of atmospheric nitrogen The manufacture of compounds of nitrogen 
for use as fertilizers, from the free nitrogen 1n the air; it 1s made necessary 
by the increasing shortage of natural nitrogen compounds in the nitrogen 
cycle. This shortage is caused partly by increased cultivation of the soil due 
to increase of populations, and partly by the loss of nitrogen compounds 
from animal waste products by sewage disposal into the sea. The first 
d and Eyde process; the Haber and Serpek 


i c irkelan: 
ractical process was the Birkei roc ; 
" E the main ones used. In addition, certain bacteria in the 


processes are now 


soil fix atmospheric nitrogen. 
for carbon dioxide, CO2. 


fixed air Former name 7 ; 
: for potassium or sodium carbonate, to distinguis 
fixed alkali Former name s , M 
io from volatile alkali, ammonium carbonace. 
fixed point Any accurately reproducible equilibrium temperature. Examples 
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include the ice point, the steam point, and the sulphur point. See Interna- 
tional Practical Temperature Scale. 

fixed stars True stars; heavenly bodies that do not appear to alter their rela- 
tive positions on the celestial sphere compared to the planets, formerly 
called ‘wandering stars’, which do. 

fixing, photographic Rendering that portion of the sensitive film, plate, or 
paper that has not been affected by light, insensitive to exposure, after 
developing. It is usually carried out by the action of sodium thiosulphate, 
Na5S50, (hypo), which reacts with the unfaffected silver bromide to give a 
soluble double salt, silver sodium thiosulphate, which is then washed away. 
See photography. 7 

flame The glowing mass of gas produced during combustion, the light is emit- 
ted by excited ions, molecules, etc., and by incandescent carbon particles in 
fuel-rich flames. 

flame photometry A development of the flame test used in qualitative analysis; 
photometric (see photometer) measurement of flame emission is used to 
determine the concentration of substances introduced into the flame. 

flame test A qualitative test for the presence of an element by the colour it or 
its compounds give to a Bunsen burner flame. Sodium compounds colour à 
flame bright yellow; potassium, caesium, and rubidium give a violet colour; 
strontium and lithium a red colour; barium, copper, thallium, and tellurium 
give a green colour, except copper halides, which give a blue colour. 

flash photography See spark photography. 

flash photolysis See photolysis. 

flash point The lowest femperature at which a substance gives off sufficient 
inflammable vapour to produce a momentary flash when a small flame is 
applied. 

flavoproteins Yellow conjugated proteins in which the prosthetic group is either 
flavine mononucleotide (FMN) or adenine dinucleotide (FAD). Flavopro- 
teins are enzymes of the dehydrogenase type. 

flavour See elementary particles. 


Fleming's rules Mnemonics for relating the direction of motion, flux, and 
E.M.F. in electric machines. If the forefinger, second finger, and thumb of 
the right hand are extended at right angles to each other, the forefinger 
indicates the direction of the flux, the second finger the direction of the 
E.M.F., and the thumb the direction of motion in an electric generator. If 
the left hand is used the digits indicate the conditions obtaining in an 
electric motor. Named after Sir John Ambrose Fleming (1849—1945). 

flint Natural variety of impure silica, SiO}. ‘Flints’ of automatic lighters are 
composed of pyrophoric alloys of metals such as cerium and iron. 

flint glass A variety of glass containing lead Silicate; used for optical pur- 
poses. 

flip-flop Bistable circuit. An electronic circuit with two stable states, which can 
be switched from one to the other by means of a pulse. They form the 
basis of many logic circuits and are extensively used in digital computers. 

flocculation The coagulation of finely divided particles into particles of greater 
mass. F 

floppy disk A small plastic magnetic disk enclosed in a stiff envelope with a 
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radial slit in it. It is used to store data or programs in a small computer, 
especially in a microcomputer. 

flotation, principle of The mass of liquid displaced by a floating body is equal 
to the mass of the body. A particular case of Archimedes' principle. 

flotation process The separation of a mixture, e.g. of zinc blende, ZnS, and 
galena, PbS, making use of the surface tension of water. Zinc blende is not 
easily wetted by water and floats, supported by the surface film of water, 
while galena sinks. In modern practice, special materials are added to the 
water to cause one of the constituents to float in the froth produced by 
aerating and agitating the water. See froth flotation. 

flowers of sulphur A fine powder, consisting of very small crystals of sulphur 
obtained by the condensation of sulphur vapour during the distillation of 
crude sulphur. 

flue gas The gaseous products of combustion from a boiler furnace consisting 
predominantly of carbon dioxide, carbon monoxide, oxygen, nitrogen, and 
steam. Analysis of the flue gases is used to check the efficiency of the 
furnace. See Orsat apparatus. 

fluid A substance that takes the shape of the vessel containing it; a liquid or 
gas. 

fluid drachm See drachm. 

fluidics Fluidic logic. The study, design, and use of jets of fluid to carry out 
amplification and logic to perform tasks usually carried out by electronics. 
Fluidic systems, which depend on the flow of fluids instead of electrons, are 
about 10$ times slower than electronics, but they can operate at higher 
temperatures. They are also unaffected by ionizing radiations and they are 
often cheaper and more reliable than corresponding electronic systems. 
They have therefore found use in nuclear reactors and space rockets. 

fluidity The reciprocal of viscosity. The c.g.s. unit is the reciprocal of the poise 
known as the rhe. 

fluidization (chem.) A technique used in industrial chemistry, in which a mass 
of solid particles is brought into a state of suspension by an upward 
stream of gas blown through it in a reactor. The material in the resultant 
“fluidized bed,” which resembles a boiling liquid, is more accessible to 
chemical reactions, etc., than the same solid material in the static state. 

fluid measure See“ apothecaries’ fluid measure. 

fluid mechanics The study of gases and liquids at rest (fluid statics) and in 
motion (fluid dynamics). 

fluid ounce British measure of volume of liquids. 1 fluid oz 
apothecaries’ fluid measure. 

fluon* See fluorocarbons. 

fluorene o-diphenylenemethane. C)3Hjo- A white crystalline aromatic solid 
hydrocarbon, m.p. 116°C. It is used in the manufacture of dyes and resins. 

fluorescein C;5H,205. A dark red crystalline organic compound, m.p. 314°C. 
It dissolves in alkaline solutions to give a liquid of intense green fluores- 
cence. It is used as an indicator and in dyes. 

fluorescence A form of luminescence in which certain substances (e.g. quinine 
sulphate solutions, paraffin oil, fluorescein solutions) are capable of absorb- 
ing light of one wavelength (i.e. colour, when in the visible region of the 
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spectrum) and in its place emitting light of another wavelength or EU 
Unlike phosphorescence, the phenomenon ceases immediately the source o! 
light is cut off. : 

fluorescent lamp A light source consisting of a glass tube the inside of which 
is coated with a fluorescent substance (see fluorescence ). The tube contains 
mercury vapour and is fitted with a cathode and anode between which B 
Stream of electrons can be made to flow by the application of a suitable 
potential difference. When the mercury atoms are struck by the electrons 
they emit ultraviolet radiation which is converted to visible radiation by the 
fluorescent substance on the tube walls. 

fluoridation The addition of minute quantities of fluorides to drinking water 
supplies to give protection against caries (decay) in the teeth of growing 
children. 1 part per million of fluoride ion is usually added. 

fluoride A salt of hydrofluoric acid. See fluoridation. 

fluorination The introduction of a fluorine atom into a compound by substitu- 
tion or by an addition reaction. 

fluorine F. Element. R.a.m. 18.9984. At. No. 9. A pale yellowish-green gas, 
m.p. -219.62*C., b.p. —188.1*C., resembling chlorine but more reactive. It 
occurs combined as fluorspar and as cryolite and is made by the electrolysis 
of a solution of potassium hydrogen difluoride in anhydrous hydrogen fluor! ide. 
The fluorine organic compounds, made by replacing hydrogen in organic 
compounds by fluorine, are of considerable industrial importance. Fluorine 
is the most reactive element. See fluorocarbons. 

fluorite See fluorspar. 


fluorocarbons A group of synthetic organic compounds (both aliphatic and aro- 
matic) in which some or all of the hydrogen atoms have been substituted 
by fluorine atoms. Many of these compounds and their derivatives are 
nonflammable, chemically resistant, and immiscible with water or oil. 
Polytetrafluoroethene (Teflon* and Fluon*) is a polymer used as a plastic, 
While the Freons* are monomers used as refrigerants and solvents. 

fluoroscope A fluorescent screen (see fluorescence ) for the direct visual obser- 
vation of X-ray images; it is used diagnostically in medicine. ; 

fluorosilicic acid Hydrofluosilicic acid. H)SiF¢. An acid that is only stable in 
the form of its fuming aqueous solution. It is used as a disinfectant and 
wood preservative. 

fluorspar Natural calcium fluoride, CaF;, consisting of colourless crystals, 
often coloured by impurities. It is used as a source of fluorine and its 
compounds. 

flux (chem.) A substance added to assist fusion. 


flux (phys.) The rate of flow of mass or energy per unit area normal to the 

^ direction of the flow. See also magnetic flux; electric flux; luminous flux. In 
nuclear physics, it is the product of the number of particles per unit volume 
and their average velocity. : 

flux density The magnetic flux or luminous flux per unit of cross-sectional 
area, The SJ unit of magnetic flux density is the tesla. 

fluxmeter An instrument for the measurement of magnetic flux. Essentially a 
moving coil galvanometer so designed that the coil experiences negligible 
restoring torque from its suspension system. A change in the magnetic flux 
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through a flux coil connected to the galvanometer induces a current in the 
Coil, thus causing a deflection of the galvanometer. 

f: number of a lens The ratio of focal length to diameter, e.g. f8 means that the 
focal length is eight times the diameter. For any particular lens, the smaller 
the f-number the larger the aperture. The reciprocal of the fnumber is 
called the ‘relative aperture’. 

foam A colloidal suspension of a gas in a liquid. A solid foam (e.g. foam 
rubber) is made by making a liquid foam and allowing it to solidify. 

focal length The distance from the optical centre or pole to the principal focus 
of a lens (see Fig. 25 under lens), or spherical mirror (see Fig. 27 under 
mirrors, spherical ). The focal length of a spherical mirror is half its radius 
of curvature. 

focus 1. Focal point. (phys.) The point at which converging rays, usually of 
light, meet (real focus); or a point from which diverging rays are consid- 
ered to be directed (virtual focus). The ‘principal focus’ of a /ens (see Fig. 
25 under lens) or spherical mirror (see Fig. 27 under mirrors, spherical ) is 
the point on the principal axis through which rays of light parallel to the 
principal axis will be refracted or reflected. 2. (math.) One of the fixed 
points used to define a curve, by a linear relationship with the distance 
from one of these fixed points to any point on the curve. See ellipse; 
parabola; hyperbola. 

fog The effect caused by the condensation of water vapour upon particles of 
dust, soot, etc. 

folic acid Pteroylglutamic acid, P.G.A., vitamin Be. Cj9H19N;O0g. A yellow 
crystalline substance forming part of the vitamin B complex. It is a coen- 
zyme in the metabolism of some amino acids, and is used in the treatment 
of anaemia. Also known as vitamin M. 

food chain A chain of organisms through which energy in the form of food is 
transferred. It starts with green plants upon which herbivores feed. The 
herbivores are eaten by carnivores, which may in turn be eaten by other 
carnivores, and so on. As some animals feed at different levels in the chain, 
a food web may be required to cover all the relationships. 

food preservation The prevention of chemical decomposition and of the devel- 
opment of harmful bacteria in foods. It is generally effected by the steriliza- 
tion of the food (ie by the destruction of bacteria in it) by heating in 
sealed vessels, i.e. canning; or by making the conditions unfavourable for 
the development of bacteria, by pickling, drying, freezing, smoking, etc. 

fools' gold See pyrites. 

foot British unit of length; one-third of a yard; 0.3048 metre. 

foot-candle A unit of illumination. One lumen per square foot. It has now 
been replaced by the /ux. 

foot-lambert A unit of /uminance. The luminance of a uniform diffuser emit- 
ting one /umen per square foot. This unit is now obsolete, except in the 
U.S.A. > 

foot-pound A practical unit of work. The work done by a force of 1 pound 
weight acting through a distance of 1 foot. 

foot-poundal A unit of work in the f.p.s. system. The work done by a force of 
1 poundal acting through a distance of 1 foot. 
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forbidden band See energy bands. . 

force F. An external agency capable of altering the state of rest or motion in 
a body; it is defined as being proportional to the rate of increase in 
momentum of the body and is a vector quantity, measured in newtons (ST 
units ), dynes (c.g.s. units), or poundals (f.p.s. units). The force, F, required 
to produce an acceleration, a, in a mass, m, is given by F = ma. If m is in 
kilograms, a in m s-?, F will be in newtons. 

force ratio See mechanical advantage. 

forces, parallelogram of See parallelogram of forces. 

forces, triangle of See triangle of forces. 

formaldehyde See methanal. 

“formalin A 40% solution of methanal containing methanol as a stabilizer. It is 

used to preserve biological specimens and as a disinfectant. 

formate See methanoate. 

formic acid See methanoic acid. 


formula (chem.) The Tepresentation of a molecule or smallest portion of a 
compound, using symbols for the atoms of the elements which go to make 

` up the molecule. E.g. the formula of water, H5O, implies that the smallest 
portion of water that can exist independently consists of 2 hydrogen atoms 
chemically united with 1 oxygen atom. The structural formula represents the 
way in which the atoms in a molecule are joined by valence bonds. E.g. the 
structural formula of water is written H-O-H, indicating that 2 hydrogen 
atoms are both attached to the bivalent oxygen atom. The empirical formula 
of a compound is its simplest formula, indicating only the numerical ratio 
of the atoms present in a molecule, but not necessarily their actual number. 
Thus the empirical formula of hydrogen peroxide is HO while its molecular 
formula is H,O}. 

formula (math. and phys.) A statement of facts in a symbolic form; by substi- 
tution a result applicable to particular data may be obtained. Thus the 
time of swing of a pendulum (T) is given by the formula T = 2«(l/g ) ^ 
Showing the connection between length (/) and time of swing. (g is the 
acceleration of free fall), 
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Fourier analysis The expansion of a mathematical function or of an experi- 
mentally obtained curve in the form of a trigonometric series. It is used as 
a method of determining the harmonic components of a complex periodic 
wave. Named after J. B. J. Fourier (1768-1830). 

fourth dimension Ordinary space has three dimensions, i.e. length, breadth, 
and thickness, each one at right angles to both the others. Mathematically 
it is possible to write down equations, similar to those governing relations 
between points in ordinary three-dimensional space, but connecting any 
number of imaginary dimensions. These are sometimes said to refer to a 
‘hyperspace’ of many dimensions. In dealing with a material particle, it is 
neccessary to state not only where it is, but when it is there. Thus time is 
somewhat analogous to a dimension of space. Relativity has shown in par- 
ticular in what manner time may be regarded as a fourth dimension, so 
that all real events take place in a four dimensional space-time continuum. 

Fowler’s solution A solution containing potassium arsenite; formerly used in 
medicine. 

fp.s. system The foot-pound-second system of units. The British system of 
physical units derived from the three fundamental units of length, mass, and 
time, ie. the foot, pound mass, and the second. It is now replaced, for 
scientific purposes, by SI units. 

fractional crystallization The separation of a mixture of dissolved substances 
by,making use of their different solubilities. The solution containing the 
mixture is evaporated until the least soluble component crystallizes out. 


fractional distillation Fractionation. The separation of a mixture of several 
liquids that have different boiling points, by collecting separately ‘fractions’ 
boiling at different temperatures. 

fractionating column A long vertical column, containing rings, plates, or bub- 
ble caps, that is attached to a still. As a result of internal reflux a gradual 
separation takes place between high and low boiling ‘fractions’ of a liquid 
mixture. 

fractionation The separation of a mixture, usually of chemically related or 
otherwise similar components, into fractions of different properties, usually 


by fractional distillation. 
A set of reference axes for defining the position of a point 
in a four-dimensional continuum 


tem and a clock to correlate posi- 


frame of reference 
or body in space. A frame of referenc 


consists of an observer, a coordinate sys' 


tions with times. i it 
francium Fr, Element. At. No. 87. It has no known stable isotope and only 
one natural radioactive isotope, francium-223 (half-life 21 mins.). It belongs 


to the alkali metal group of elements. 
ur from deposits deep down 


s sti Iph 
Frasch process A process for extracting suip: rd euet S 


i ncentric pipes is s 
under sand. A series of coi pip! d down to melt the sulphur, 


force 
own down the 


sulphur deposit, superheated steam is ! 
k ie d compressed air bl 


which is then forced to the surface by 
centre pipe. 

Fraunhofer diffraction The class of 
light source and the receiving screen are el 
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from the diffracting system. Compare Fresnel diffraction. Named after 
J. von Fraunhofer (1787— 1826). 

Fraunhofer lines Dark lines in the continuous spectrum of the Sun, caused by 
the absorption of certain wavelengths of the white light from the hotter 
regions of the Sun by chemical elements present in the chromosphere sur- 
rounding the Sun. i 

free (chem.) Uncombined. Free elements occur in the Earth's crust in an 
uncombined state. 

free electron An electron that is not attached to an atom, molecule, or ion, but 
is free to move under the influence of an electric field. 

free energy A thermodynamic quantity representing the energy that would be 
liberated or absorbed during a reversible process. The Gibbs free energy (or 
Gibbs function, G) is defined, under conditions of constant temperature 
and pressure, by G — H — TS, where H is the heat content. (enthalpy ), T 
the thermodynamic temperature, and S the entropy. Referred to chemical 
processes, the important quantity is not the absolute magnitude of G, but 
the change in free energy, AG (also called the chemical affinity ), during a 
reaction, which is given by 

AG = AH — TAS. 
By convention, if a reaction gives out heat AH will be negative (as the 
system is losing heat to the surroundings). Therefore, if T.AS is not large 
compared to AH, AG will also be negative indicating that the reaction will 
Proceed to chemical equilibrium. When equilibrium has been attained, 
AG = 0, and if AG is Positive the reaction will only occur if energy is 
supplied in some way to force it away from equilibrium. As the entropy, S, 
is a measure of the molecular disorder of a system, and as a change of 
State involves a change of molecular orderliness, the term T.AS is dependent 
upon changes of state. 

The Helmholtz free energy (or Helmholtz function, F ) is defined as 

U - TS, where U is the internal energy. Also, 

AF = AU- T.AS 
and for a reversible isothermal process AF represents the maximum work 
available. AF is sometimes called the ‘work function’, 

free radical A group of atoms (see radical ), which usually exists in combina- 
tion with other atoms, but which may exist independently for short periods 
(short-lived free radicals) during the course of a chemical reaction, or for 
longer periods (free radical of long life) under special conditions. 


electromagnetic field. It has a temperature of 0 K. The electric and magnetic 
constants are defined for free space. 
freeze drying A process of drying heat-sensitive Substances, such as food or 
blood plasma, by freezing and then Temoving the frozen water by volatiliza- 
tion at low pressure and temperature. 
freezing Change of State from liquid to solid; it takes place at a constant 
temperature. (freezing point) for any given substance under a given pressure. 


The freezing point normally quoted is that for standard atmospheric pres- 
sure. ‘ 


freezing mixtures Certain salts ‘that, when dissolved in water or mixed with 
crushed ice, produce a considerable lowering of temperature. The action 
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depends upon absorption of heat of solution by the dissolving salt; in the 
case of mixtures in contact with ice, the melting point of ice is lowered in 
the presence of a dissolved substance; latent heat of fusion of ice is 
absorbed, and the salt dissolves in the melting ice. 

freezing point The temperature of equilibrium between solid and liquid sub- 
stance at a pressure of one standard atmosphere (760 mmHg). 

freezing-point depression See depression of freezing point. 

French chalk Powdered (alc. 

Frenkel defect A defect in a crystal lattice caused by an atom or ion being 
removed from its normal position in the lattice (thus causing a vacancy ) 
and taking up an interstitial position. 

freons See fluorocarbons. 

frequency / The number of cycles, oscillations, or vibrations of a wave motion 
or oscillation in unit time, usually one second. In a wave motion the fre- 
quency is equal to the velocity of propagation divided by the wavelength. 
The derived SI unit of frequency is the hertz. 

frequency band A range of frequencies of electromagnetic radiations falling 
within prescribed limits. See Appendix, Table 10 for internationally agreed 
radio frequency bands. 

frequency modulation FM. The type of radio transmission system in which the 
frequency of a carrier wave is modulated rather than its amplitude (as in 
amplitude modulation). It provides a method of transmission free from 
‘static’ interference. 

frequency of a vibrating string The fundamental frequency, f, of a stretched 
string of length /, under tension T, is given by 

Sf = (T/ap)4/2rl 
where r is the radius of the string and p its density. 

fresnel A unit of frequency equal to 10!? hertz. Named after A. J. Fresnel 
(1788-1827). 

Fresnel diffraction A class of diffraction phenomena in which the /ight source 
or the receiving screen, or both, are at a finite distance from the diffracting 
system. Compare Fraunhofer diffraction. 

Fresnel lens An optical lens whose surface consists of a number of smaller 
lenses so arranged that they give a lightweight lens of large diameter and 
relatively short focal length. They are used in headlights, searchlights, etc. 
Named after A. J. Fresnel (1788-1827). 

friable Easily crumbled. 

friction The force that offers resistance to rela 
contact. See friction, coefficients of; rolling friction. E 

friction, coefficients of If F, = the frictional resistance when a body is on the 
point of sliding along a specified along a specified surface, F, = the fric- 
tional resistance when steady sliding has been attained, and R = the Pee 
pendicular force between the surfaces in contact, the static Green o 
friction = F,/R; the kinetic coefficient = F/R. * 

Friedel-Crafts reaction Originally the synthesis of aromatic hydrocarbons by 
reacting alkyl halides with benzene derivatives in the presence of anhydrous 
aluminium chloride as a catalyst. It is now extended to include the addition 
of alkenes to, and the condensation of alcohols with, aromatic hydrocarbons 
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in the presence of such catalysts as anhydrous iron(III) chloride, gallium 

chloride, boron trifluoride, and Aydrogen fluoride. d E. 
froth flotation The separation of a mixture of finely divided minerals by nd 

tating them in a froth of water and a frothing agent, so that some fare 

and others sink. The process can be made selective by adjusting the na 

of the froth with suitable surface active agents. 


fructose Fruit sugar, laevulose. C&H150&. A sweet soluble crystalline seit 
m.p. 102*—104*C. It occurs in sweet ripe fruits, in the nectar of flowers, 
and in honey. 

frustum Any part of a solid figure cut off by a plane parallel to the base, Or 
lying between two parallel planes. 


fuel A substance used for producing heat energy, either by means of the 
release of its chemical energy by combustion (see fossil fuels ) or its nuclear 
energy by nuclear fission. . 

fuel cell A cell for producing electricity by oxidation of a fuel, thus converting 


Y z E WU n 
chemical energy directly into electrical energy. The fuel cell is similar to à 
accumulator but instead of needin 


to be fed with fresh fuel. 


gaseous oxygen and hydrogen brought together over catalytic electrodes. 
Other cells use Aydrazine, 


Interest in electric cars has stimulated fuel cell development. Although 
hydrogen-oxygen fuel cell i 
accumulators, because th 


better than that of a lead accumulator. 


fuller’s earth A variety of clay-like materials that absorb oil and grease. They 
consist of hydrated silicates 


of magnesium, calcium, aluminium, and i 
times other metals. They are used in scouring textiles and in refining /@ 
and oils. 
T T 2 T- 
full-wave rectifier A rectifier that converts the negative half wave of an alte 


nating current into a positive half wave, so that both halves of the swing 
are able to deliver a unidirectional current. 


fulminate See cyanate. 

fulminate of mercury See mercury cyanate. 
fulminic acid See cyanic acid. 

fumaric acid See butenedioic acid. 


fumigation The destruction of bai 
Poisonous gas or smoke. 


fuming nitric acid A brown fuming highly corrosive liquid consisting of PPS 
acid containing an excess of nitrogen dioxide. It is used as an oxidant 
rockets and in organic synthesis. 

fuming sulpburic acid See sulphuric acids, ; 

function (math.) One quantity y is said to be a function of another qu 
x, written y = fix), if a change in one Produces a change in the othe’. 
Thus, in the statement - 


YU to 
cleria, insects, and other pests by exposure 


Y = 3x5 + 5x (ie, Ax) = 3x? + 5x), 
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y is a function of x, and a change in the value of x produces a change in 
the value of y. 

functional group The group of atoms in a compound that are responsible for 
its properties. For example, -COOH is the functional group of carboxylic 
acids. 

fundamental constants See Appendix, Table 2. 

fundamental interactions The four ways (see gravitational, electromagnetic, 
strong, and weak interactions) in which bodies influence each other even 
when they are not in contact. Science has been seeking a way of unifying 
these interactions in a unified field theory, but so far has only achieved 
unification of two interactions, the electromagnetic and the weak interac- 
tions. 

fundamental note (phys.) See quality of sound. 

fundamental units The units in which physical quantities are measured are not 
all independent; many of them are derived from a small number of funda- 
mental or base units. 

fungi Simple plants that contain no chlorophyll. They may consist of one cell 
or of many cellular filaments. They cause diseases of plants and of some 
animals, also cause decay of food, fabrics, and timber. Certain fungi are 
used in brewing and baking and for the production of antibiotics. 

fungicide A substance capable of detroying harmful fungi, such as moulds and 
mildews. 

furan Furfuran. C4H4O. A five-membered heterocyclic compound consisting 
four CH groups and one O atom. It is a colourless liquid, b.p. 32*C., used 
in organic synthesis and in the form of its derivatives in the manufacture of 
synthetic resins. 

furan resins A group of synthetic resins obtained by the partial polymerization 
of furfury! alcohol or by the condensation of furfuryl alcohol with furfuralde- 
hyde or methanal. They are used as adhesives, metal coatings, etc. 

furfuraldehyde Furfural.  C4H4OCHO. A liquid organic compound, b.p. 
161.7*C.; used as a solvent and in synthetic resins. See furfural resins, and 
furan resins. 

furfural resins Thermosetting resins obtained by the condensation of furfural- 
dehyde and phenol or its homologues. They are used as adhesives and in the 
manufacture of moulding materials, varnishes, etc. 

furfuryl alcohol C4 H3 OCH;OH. A yellowish liquid, b.p. 171°C., used in the 
manufacture of furan resins. 

fur in kettles An insoluble gritty deposit, consisting mainly of the carbonates 
of calcium, magnesium, and iron; it is formed by the decomposition of the 
soluble hydrogencarbonates of these metals when hard water is boiled. 

fuse, electrical A device to prevent an unduly high electric current from pass- 
ing through a circuit. It consists of a piece of wire made of metal of low 
melting point, e.g. tin, placed in series in the circuit. An excessive current 
will raise the temperature of the fuse wire sufficiently to melt ;t and thus 
break the circuit. The fuse wire is usually encased in a glass or ceramic 
cartridge with metal ends. 

fused (chem.) In the molten state, usually applied to solids of relatively high 
melting point, or, having previously been melted and allowed to solidify. 
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Fusel oil A mixture of butanol and pentanol together with other organic s 
Stances; a liquid of unpleasant smell and taste. It is a by-product of the 
distillation of alcohol produced by fermentation. 7 

fusible alloys Alloys of low melting point; generally eutectic mixtures of melan 
of low melting point such as bismuth, lead, tin, and cadmium. Wood's 
metal and Lipowitz alloy both contain all four and melt below the boiling 
point of water. Fusible alloys having a melting point a little above the 
boiling point of water are used in the construction of automatic sprinklers, 
heat from a fire melting the metal and releasing a spray of water. 

fusion Melting; melting together. 

fusion, latent heat of See /atent heat. 

fusion, nuclear See nuclear fusion. 

fusion bomb See nuclear weapons. 


fusion mixture A mixture of anhydrous sodium and potassium carbonates, 
NaCO; and K5CO,. 
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£ Symbol for the value of the acceleration of free fall. 

gadolinium Gd. Element. R.a.m. 157.25. At. No. 64. A soft silvery metal, r.d. 
7.948, m.p. 1312°C., b.p. 3273°C. A strong neutron absorber, gadolinium is 
used in nuclear technology and in some ferromagnetic alloys. See /antha- 
nides. 

gain An increase in electronic signal power; usually expressed as the ratio of 
the output power (for example, of an amplifier) to the input power in 
decibels. 

galactose CH; OH(CHOH)4.CHO. A hexose sugar, m.p. 166*C.; it is a stereo- 
isomer of glucose and a constituent of /actose and certain plant polysaccha- 
rides. 

galaxies Extra-galactic nebulae. The stars of the Universe are not evenly dis- 
tributed throughout space, but are collected by gravitational attraction (see 
gravitation ) into some 10? giant clusters called galaxies. Each galaxy con- 
tains about 10!! stars. The Sun is one of such a number of stars in our 
own Galaxy (the Milky Way ), which is itself a member of a /ocal group of 
galaxies. (See also expansion of the Universe. The galaxies are separated 
from each other by enormous distances, the nearest galaxy to the Milky 
Way being some 16 x 10° light-years away. Galaxies are either elliptical or 
spiral shaped (see spiral galaxies); a very few however appear to have no 
regular shape. 

Galaxy, the The Milky Way. A cluster of some 10! stars, one of which is the 
Sun. The Galaxy is a flat disc-shaped spiral structure, approximately 105 
light-years across, with a slight bulge at the centre. The solar system is 
situated quite close to the central plane of this disc at a distance of about 
three fifths of its radius from the centre. 

galena Natural lead(II) sulphide, PbS. A heavy crystalline mineral of metallic 
appearance; it is the principal ore of lead. It is used as a semiconductor in 
crystal rectifiers. 

Galilean telescope A type of refracting telescope invented by Galileo Galilei 
(1564-1642) but no longer used in astronomy although its principle is still 
used in opera glasses. It consists of a bi-convex objective of long focal length 
and a bi-concave eye-piece of short focal length, producing an erect image. 

gallic acid See trihydroxybenzoic acid. 

gallium Ga. Element. R.a.m. 69.72. At. No. 31. A silvery-white metal, r.d. 5.9, 
m.p. 29.78°C., b.p. 2403*C. The only two stable isotopes are gallium-69 and 
gallium-71. Compounds are very rare; the metal is used in high-temperature 
thermometers and gallium arsenide is used as a semiconductor. « 

gallon A unit of volume or capacity. The British Imperial gallon is the volume 
occupied by ten pounds of distilled water under conditions precisely defined 
by the 1963 Weights and Measures Act. It is equal to 4.54609 cubic 
decimetres (litres). The U.S. gallon is 0.832 68 British gallons, 


165 


s. 


GALVANIC CELL 


galvanic cell See primary cell. 


galvanized iron Sheet iron coated with a layer of zinc to prevent corrosion, 
usually made by dipping the sheet metal into the molten zinc, with small 
quantities of magnesium or aluminium added to prevent the formation of a 
brittle zinc-iron alloy. See also sacrificial protection. 

galvanometer An instrument for detecting, comparing, or measuring small 
electric currents, but not usually calibrated in amperes; it requires calibra- 
lion when an actual current measurement is needed. Galvanometers usually 
depend upon the magnetic effect Produced by an electric current. See 
ammeter; ballistic galvanometer. 

gamboge A yellow substance obtained from the hardened gum-resin of the 
tree Garcinia Hanburii. It is used as a pigment and for colouring varnishes. 

gamete Germ cell. A reproductive cell, usually haploid and sexually differenti- 
ated. The female gamete (or ovum) unites with the male gamete (or sper- 
matozoon ) during fertilization to produce a zygote, which develops into à 
new individual. 

gametocyte A cell that undergoes meiosis to form gametes. n 

gamma-iron An allotropic form (see allotropy ) of iron, which is nonmagnetic 
and exists between 900°C. and 1400*C. See austenite. 

gamma rays Gamma radiation. y-tays. Electromagnetic radiation of the same 
nature, but shorter wavelength than X-rays (10-!0_ 10-13 metre). They are 
emitted by the nuclei of radioactive atoms during decay. Gamma rays are 
emitted in quantized units called photons. 

gangue The useless stony minerals that occur with a metallic ore. 


garnet A group of minerals of varying composition, mainly double silicates of 
calcium or aluminium with other metals. Several varieties are red in colour, 
and are used as gems. 


gas A substance whose physical state (the gaseous state) is such that it always 
occupies the whole of the Space in which it is contained. In a perfect. gas, 
the atoms and molecules would move freely, have negligible volume, and 
have elastic collisions with each other but in a real gas they are subject to 
small inter-molecular forces (Van der Waals’ forces) and have a finite vol- 
ume; polyatomic gas molecules are in some cases inelastic. See also kinetic 
theory of gases. 

gas carbon Retort carbon. A hard deposit consisting of fairly pure carbon, 
found on the walls of the retorts used for the destructive distillation of coal 
in the manufacture of coal-gas. A good conductor of electricity, it is usi 
for making carbon electrodes. 

gas chromatography Gas-liquid chromatography. A very sensitive method of 
analysing the components of a complex mixture of volatile substances. Sec 
chromatography. The apparatus consists of a long narrow tube, packed wit 
an inert support material of uniform particle size (e.g. diatomaceous earth ) 
that has been coated with a non-volatile /iquid, called the stationary phase, 
the who's tube and its contents being maintained in a thermostatically 
controlled oven. The sample to be analysed is carried through the tube by 
an inert gas (e.g. argon) so ‘that the progress through the tube of various 
Components of the mixture is selectively interfered with by the stationary 
phase, some components passing through the tube more rapidly than 
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others. À detector measures the electrical or thermal conductivity, or some 
other characteristic property, of the gas leaving the column, differences 
being recorded on a strip chart, which indicates peaks corresponding to the 
various components. The instrument is calibrated by analysing samples of 
known compositions. The technique can also be used for separating mix- 
tures. 

gas constant R. In the gas equation, pV = RT, the gas constant, R, equals 
8.314 34 joules per kelvin per mole or 1.9858 calories per degree celsius per 
mole. 

gas-cooled reactor A nuclear reactor in which the coolant is a gas. In the 
Mark 1, or magnox type, natural uranium fuel is used with a graphite 
moderator, the fuel elements being cased in magnox. The coolant used is 
carbon dioxide and the outlet temperature is about 350°C., the hot gas 
being used to raise steam. In the Mark II, or advanced gas-cooled reactor 
(A.G.R.), the moderator is also graphite and the coolant is carbon dioxide, 
but in this type the outlet temperature is much higher (about 600*C.) and 
the fuel is ceramic uranium dioxide in a stainless steel casing. 

gaseous combination, law of See Gay-Lussac's law. 

gas equation An equation connecting the pressure and volume of a quantity of. 
gas with the thermodynamic temperature. For one mole of a perfect gas, pV 
7 RT, where p — pressure, V — volume, T — thermodynamic tempera- 
ture, and R = the gas constant. 

gas laws Statements as to the volume changes of gases under the effect of 
alterations of pressure and temperature. Boyle's law states that at constant 
temperature the volume of a given mass of gas is inversely proportional to 
the pressure; ie. pV = constant. Charles’ Jaw states that at constant pres- 
sure all gases expand by 1/273 of their volume at 0°C. for a rise in tem- 
perature of 1*C.; ie. the volume of a given mass of gas at constant pres- 
sure is directly proportional to the thermodynamic temperature. For 1 mole 
of gas, the two laws may be combined in the expression pV = RT (see gas 
equation ), where T is the thermodynamic temperature. This gives the beha- 
viour of a gas when both temperature and pressure are altered. The gas 
laws are not perfectly obeyed by ordinary gases, being strictly true only for 
the perfect gas. See gas laws, deviations from. 

gas laws, deviations from Real gases do not strictly obey the gas laws, but 
follow them more and more closely as the pressure of the gas is reduced. 
Various equations have been derived that attempt to give a better approxi- 
mation to the behaviour of actual gases. The best known of these is Van 
der Waals’ equation. See also virial equation. 

gas mantle A structure composed of the oxides of thorium (99%) and cerium 
(1%), made by impregnating a combustible fabric with a solution of the 
nitrates of the metals, and decomposing the nitrates by heat. 

gas maser A maser in which microwave radiation interacts with gas molecules. 

gas mask Respirator. A device for protecting the face and breathing organs 
against poisonous ‘gases’. (These include poisonous smokes, etc., used in 
chemical warfare.) In the simplest device*air is drawn through a layer of 
activated carbon, which adsorbs vapours, and also through a filter-pad, 
which retains solid particles of smokes. Such an arrangement is effective 
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against war ‘gases’ and smokes, but not against gases of low re/ative molec- 
ular mass, such as carbon monoxide or coal-gas. 

gas oil Diesel oil. The oil left after petrol and kerosene have been distilled 
from crude petroleum. It is used as a fuel for diesel engines and for carbu- 
Tetting water gas. 

gasoline The name for petrol in the USA. 


gas thermometer An apparatus for measuring temperature by the alteration in 
pressure produced by temperature changes in a gas kept at constant volume, 
or by the alteration in volume of a gas kept at constant pressure. For 
Practical purposes, other more convenient forms of thermometer are used 
whenever possible. However, the gas thermometer, operated at low pres- 
Sure, gives the only direct means of determining the thermodynamic temper- 
ature. 

gas turbine An engine that converts the chemical energy of a liquid fuel into 
mechanical energy by internal combustion; the gaseous products of the fuel, 
burnt in compressed air, are expanded through a turbine. It is used as the 
power plant in aeroplanes (both turbo-propeller and turbo-jet driven), loco- 
motives, and experimentally in motor vehicles. It is also used as an auxil- 
iary power plant in electrical generating stations. 


time or amplitude basis. 4. The electrode in a field-effect transistor that 


oersted intensity exists in a medium of unit magnetic permeability, e.g. air, 
then the induction will be 1 Bauss. 1 gauss is equal to 1 maxwell per 
Square centimetre or 10-4 tesla. Named after K. F. Gauss (1777—1855). 


Gauss's law The total electric flux of a closed surface in an electric field is 
Proportional to the electric charge within that surface, The law can be 
generalized for any vector field through a closed surface. 

Gay-Lussac’s law of gaseous combination When gases combine, they do so in 
simple ratio by volume to each other, and to the gaseous product, measured 
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under the same conditions of temperature and pressure. It is explained by 
Avogadro’s law. Named after Joseph Louis Gay-Lussac (1778— 1850). 

Gegenschein Counter glow. A faint elliptical patch of light in the sky that 
may be observed at night directly opposite the Sun, though it is rarely seen 
in Britain. It is caused by a reflection of sunlight by meteoric particles in 
space. 
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Figure 16. 


Geiger counter Geiger-Muller counter. An instrument for the detection of 
ionizing radiations (chiefly alpha, beta, and gamma rays), capable of regis- 
tering individual particles or photons. It consists normally of a fine wire 
anode surrounded by a coaxial cylindrical metal cathode, mounted in a glass 
envelope containing gas at low pressure. A large potential difference, usually 
about 1000 vo/ts, is maintained between the anode and the cathode. The 
ions produced in the counter by an incoming ionizing particle are acceler- 
ated by the applied potential difference towards their appropriate electrodes, 
causing a momentary drop in the potential between the latter. This voltage 
pulse is then passed on to various electronic circuits by means of which it 
can, if desired, be made to work a counter. See Fig. 16. Named after Hans 
Geiger (1882-1947). 

Geiger-Nuttal law The approximate empirical law that the range R of an 
alpha particle emitted by a radioactive substance is given by the relation: 
log A = BlogR + A, 
where A is the disintegration constant of the substance and A and B are 

constants. 

Geissler tube A tube for showing the luminous effects of an electric discharge 
through various rarefied gases. It consists of a sealed glass tube containing 
platinum electrodes. Named after H. Geissler (1814-79). 

gel A colloidal solution that has set to a jelly, the viscosity being so great that 
the solution has the e/asticity of a solid. The formation of a gel is attrib- 
uted to a mesh-like structure of the disperse phase or colloid, with the 
dispersion medium circulating through the rüeshwork. 

gelatin Gelatine. A complex protein formed by the hydrolysis of collagen in 
animal cartilages and bones, by boiling with water. Soluble in water, the 
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au solution has the property of setting to a jelly. It is used in foods, photogra- 
phy, as an adhesive, textile size, and in a variety of other arts and indus- 
tries. 

gelation 1. The process of freezing. See also regelation of ice. 2. The formation 
of a gel. 


gelignite An explosive consisting of a mixture of nitroglycerin, cellulose nitrate, 
sodium or potassium nitrate, KNO;, and wood pulp. 
gem See vicinal. 


gene A unit, comprising part of a chromosome, which controls an individual 
inherited characteristic of an organism and which is capable of mutation as 
a unit. (See also cistron.) The gene is regarded as being a particular molec- 
ular configuration of the nucleic acids (which partially constitute a chromo- 
some) at a particular point on the length of a chromosome. Genes function 
by controlling the manufacture of specific proteins (including enzymes) in 
cells. See operon; genetic code. 


general theory of relativity See relativity, theory of. 
generation time The average lapse of time between the creation of a neutron 
by nuclear fission and a subsequent fission produced by that neutron. 
Benerator A machine for producing electrical energy from mechanical energy- 
See alternator; dynamo. 


generatrix (math.) A point, line, or plane the movement of which produces à 
line, surface, or solid. 
i genetic code The code by which inherited characteristics are handed from 
- Beneration to generation. The code is expressed by the molecular configura- 
tion of the chromosomes of cells. Chromosomes consist of deoxyribonucleic 
acid (DNA) and protein, the code-bearing material being the DNA. Four 
different nitrogenous bases (adenine, cytosine, guanine, and thymine ) occur 
in the nucleotides of DNA, and the sequence of three of these bases consti- 
tutes a unit of the genetic code, in that each sequence of three bases codes 
for one of the twenty different amino acids that go to make up the proteins 
that control the characteristics of a cell. Chromosomes, which almost 
always exist in the nuclei of cells, transfer their coded information to the 
cytoplasm of these cells (where the enzyme proteins are assembled in units 
, called ribosomes ) by way of messenger ribonucleic acid. k 
genetic engineering The technology involved in altering the genetic constitu- 
tion of an organism. Typically, ‘useful’ genes, i.e. very short sequences of 
DNA (deoxyribonucleic acid ), are isolated from one organism and inserted 
into the DNA of a bacterium or yeast. These microorganisms multiply rap- 
idly and can be cultured easily, enabling large quantities of the gene prod- 
uct to be obtained. Genetic engineering has been used for the large-scale 
production of antibiotics, enzymes, and hormones (e.g. insulin ). 
genetics The study of heredity in living organisms. Classical genetics, the 
original form of the subject, is based on the observations of pea plants by 
the Austrian monk Gregor Mendel (1822—84) in the 1850s. The science has 
expanded to include the subdisciplines of microbial genetics, cytogenetics, 
and population genetics and ‘has important applications in medicine, agri- 


culture, and industry (see genetic engineering ), as well as in all aspects of 
biology. 
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genotype 1. The genetic constitution of an individual organism or of a well 
defined group of organisms. 2. A group of organisms that have the same 
genetic constitution. See also phenotype. 

gentian violet A purple dye derived from aniline and used as an indicator, an 
antiseptic, and a dye. 

geocentric Having the Earth as a centre; measured from the centre of the 
Earth. ; 

geochemistry The study of the chemical composition of the Earth’s crust and 
the changes that take place within it. 

geodesic Pertaining to the geometry of curved surfaces. A ‘geodesic line’, also 
called a ‘geodesic’, is the shortest distance between two points on a curved 
surface, 

geodesy Surveying on a scale that involves making allowance for the curva- 
ture of the Earth, 

geography The study of the Earth’s surface and the way man has interacted 
with it. Physical geography is concerned with the structure of the Earth’s 
surface (geomorphology), its climate (climatology), and its oceans (ocea- 
nology), as well as mapmaking (cartography). Human geography is con- 
cerned with such factors as economics (economic geography), politics (polit- 
ical geography), history (historical geography), and its major centres of 
population (urban geography). 

geological time scale Geological periods. A scale of time that serves as a 
reference for correlating various events in the history of the Earth; it has 
been built up by studying the various strata of rocks that comprise the 
Earth’s crust with special reference to the fossils found in them. The time 
scale is divided into three main ‘eras’, based upon the general character of 
the life that they contain, each era being subdivided into ‘periods’. The 
Table gives the names of these eras and periods, together with their 
approximate ages. 

geology The scientific study of the Earth’s crust. 

geomagnetism The study of the magnetic field associated with the Earth. See 
magnetism, terrestrial. 

geometrical progression A series of quantities in which each term is obtained 
by multiplying the preceding term by some constant factor, called the 
‘common ratio’.¢E.g. 1, 3, 9, 27, 81.., each term being three times the 
preceding. For a series of n terms, having common ratio r and the first 
term a, the sum 

S = a(r" — 1)/(r - 1); 
or, if r is less than 1, a more convenient expression is 
S = a(l - r")/(l - r). 

geometric mean The geometric mean of n positive numbers, a, b, c... is 
(abc...)! ^". E.g. the geometric mean of 3 and 12 is 6. 

geometry The mathematical study of the properties and relations of lines, 
surfaces, and solids in space. o 

geophysics The study of the Earth and its atmosphere by physical methods. 
This includes seismology, meteorology, hydrólogy, terrestrial magnetism, etc. 

geraniol C}oọH;7OH. A liquid terpene alcohol, b.p. 107°C., present either free, 
or as an ester, in many essential oils. 
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GERMANE 
GEOLOGICAL TIME SCALE 
Era Period Time Scale 
millions of years 

Holocene 0.01 
© | QUATERNARY Pleistocene (Glacial) 1 
S Pliocene 10 
[2] Miocene 25 
A TERTIARY Oligocene 40 
1S) Eocene 60 
Paleocene 70 
MESOZOIC Cretacious 135 
(SECONDARY) Jurassic 180 
Triassic 225 
Permian 270 
Carboniferous 350 
PALAEOZOIC Devonian 400 
(PRIMARY) Silurian 440 
Ordovician 500 
Cambrian 600 
PRE-CAMBRIAN 2000 


germane Germanium tetrahydride. GeHy. A colourless gas. The germanium 
analogue of methane; the first member of a series of organogermanium 
compounds of the general formula Ge, Hz, +42, corresponding to the 
alkanes. 

germanium Ge. Element. R.a.m. 72.59. At. No, 32. A brittle white semi-metal, 
rd. 5.35, m.p. 937.4°C., b.p. 2830*C. It occurs in zinc sulphide and is 
Obtained as a by-product in zinc smelting. Compounds are rare although it 
forms a number of organometallic compounds (see germane). It is used 
extensively in transistors and other electronic devices as a semiconductor. 

German silver See nickel silver. 

getter Vacuum getter. A substance used for removing the last traces of air or 
Other gases in attaining a high vacuum. E.g. magnesium metal is used in 
thermionic valves; after exhausting and sealing the valve a small amount of 
magnesium left in the valve is vaporized by heat and combines chemically 
with any remaining oxygen and nitrogen. t 

GeV Abbreviation for giga electron-volt, i.e.10? electron-volts. In America this 
is usually written BeV where the ‘B’ represents the American billion. 

ghosts (phys.) False lines appearing in a line spectrum due to imperfections in 
the ruling of the diffraction grating used. 

giant star A star Possessing high /uminosity, low density, and a diameter 10 to 
100 times that of the Sun. See red giant; supergiant. 
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gibberellins A group of plant hormones that promote the growth of plant 
stems and fruit and have other beneficial effects. 

gibbous The shape of the Moon or a planet when it is more than half-phase, 
but less than full-phase. See phases of the Moon. 

Gibbs’ function See free energy. Named after Josiah Willard Gibbs 
(1839-1903). 

giga- Prefix denoting a thousand million (10%). Symbol G. 

gilbert The c.g.s. unit of magnetomotive force in electromagnetic units. It is 
equal to 10/47 ampere-turns. Named after William Gilbert (1540-1603). 

gilding Covering with a thin layer of metallic gold, often by electrolysis (see 
electroplating ). 

gill A unit of capacity equal to one quarter of a pint. 

gilsonite A pure form of asphalt that occurs in North America; it is used in 
paints and varnishes. 

glacial acid Pure ethanoic acid; solid crystalline ethanoic acid below its freez- 
ing point (16.6°C.). 

glass A hard brittle amorphous mixture, usually transparent or translucent, of 
the silicates of calcium, sodium, or other metals. Ordinary soda glass is 
made by melting together sand (silica), sodium carbonate, and lime. Glass 
for special purposes may contain lead, potassium, barium or other metals 
in place of the sodium, and boric oxide in place of the silica. See crown 
glass; flint glass; Pyrex*; safety glass. 

glass-ceramics Materials that usually consist of lithium and magnesium alumi- 
nosilicates; they are chemically similar to glasses, but differ from glasses in 
consisting of very small crystals. They have high mechanical strength and 
very low thermal expansion, making them resistant to abrupt temperature 
changes. They are used for heat-resisting ovenware, for radomes, and other 
purposes involving exposure to drastic conditions, 

glass fibre materials Fibreglass*. Fine glass fibres, usually less than a quarter 
of a micrometre in diameter, that are woven into a cloth and impregnated 
with various resins. Owing to their high tensile strength and corrosion resis- 
tance these materials are used in small boat building and for some motor 
vehicle body parts. 

glass transition The change, characteristic of many rubbers and other polymers, 
from a plastic or rubbery to a glassy or brittle state. The temperature 
region of this change (the glass temperature, glass-transition temperature, or 
second-order transition temperature) is designated 7,. 

glass wool A material consisting of very fine glass threads, resembling cotton 
wool. It is used for filtering and absorbing corrosive liquids. 

Glauber's salt Crystalline sodium sulphate, Na; SO4.10H50, used as a laxative. 
Named after J. R. Glauber (1604— 68). 

glaze A vitreous covering for pottery, chemically related to glass. 

globular clusters Self-contained, approximately spherical, clusters of about one 
hundred thousand stars; some hundred of these clusters are known to be 
distributed about the centre of the Milky Way, and although they appear 
to be outside the Galaxy, they are believed to be gravitationally associated 
with it. ' 

globulins Groups of proteins soluble in dilute solutions of mineral salts, such as 
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sodium chloride, NaCl, magnesium sulphate, MgSOs, etc. They occur in 
many animal and vegetable tissues and fluids: eg. lactoglobulin in milk, 
serum globulin in blood, vegetable globulins in seeds. There are four types 
of globulin in blood serum, alpha-one, alpha-two, beta, and gamma-globu- 
lins. Immunoglobulins responsible for the immune response are gamma-glob- 
ulins. 

glove box A metal box that provides protection to workers who have to 
manipulate radioactive materials or that enables the manipulation of sub- 
stances requiring a dust-free, sterile, or inert atmosphere. Manipulation 1$ 
carried out by means of gloves fitted to ports in the walls of the box. 

glow discharge A silent electrical discharge through a gas at low pressure, 
usually luminous. See discharge in gases. 

glucinum See beryllium. 


gluconic acid CH OH(CHOH),COOH. A colourless soluble crystalline opti- 


cally active substance, m.p. 125°C., obtained by the oxidation of glucose. It 
is used for cleaning metals. 


glucose Dextrose, grape-sugar. CH) O,. A colourless crystalline soluble hex- 
ose sugar. M.p. 146°C. It occurs in honey and sweet fruits. Other sugars 
and carbohydrates are converted into glucose in the human body before 
being utilized to provide energy. Glucose is an optically active substance, 
the naturally occurring sugar invariably being dextrorotatory (d-glucose). 
Commercially prepared from starch and other carbohydrates by hydrolysis, 
it is used in brewing, jam-making, confectionery, etc. The /aevorotatory 
form (1-glucose) is rare and does not occur in nature. 

glücosides See glycosides. 


glue A general name for adhesives, particularly those made by extracting 
hides, bones, cartilages, etc., of animals with water. 

gluon A particle believed to be exchanged between quarks in order to bind 
them together. See elementary particles. 

glutamate A salt or ester of glutamic acid. 


glutamic acid A colourless crystalline amino acid, m.p. 206°C., used in the 
form of its sodium salt as a flavouring. See Appendix, Table 5. j 

glutamine A colourless soluble amino acid, m.p. 184—5*C. See Appendix, 
Table 5. ‘ 

gluten A mixture of two proteins contained in wheat flour (8%—15%) contain- 
ing some 33% of glutamic acid and 12% of proline. In coeliac disease a 
gluten-free diet is required. 

glycerides Esters of glycerol with organic acids, Animal and vegetable fats a 
mainly composed of triglycerides of fatty acids, such as stearic, palmitic, 
and oleic, a molecule of such a triglyceride being derived by the combina- 
tion of one molecule of glycerol with three fatty acid molecules. 

glycerin(e) See glycerol. p 

glycerol Glycerin(e). Propane-1,2,3,-triol. CH;OH.CHOH.CH;OH. A thick 
syrupy sweetish /iquid triol soluble in water. B.p. 290°C. It occurs combined 
with fatty acids in fats and oiis and is obtained by the saponification of fats 
in the manufacture of soap. Ìt is used in the manufacture of explosives (see 
nitroglycerin ), plastics, in pharmacy, and as an anti-freeze. 
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glycerol monoethanoate Acetin. CH4COOCSHs(OH);. A colourless viscous 
hygroscopic liquid, b.p. 158°C., used in the manufacture of explosives. 

glyceryl The trivalent radical -CH,(CH—)CH3—, derived from glycerol. 

glycine A colourless soluble crystalline amino acid, m.p. 232°C., used in 
organic synthesis. See Appendix, Table 5. 

glycogen Animal starch. A complex highly branched carbohydrate polymer 
formed from glucose in the liver and other organs of animals, serving as a 


sugar reserve. 


glycol See ethanediol. 
glycolipids Complex lipids that consist of compounds of fatty acids with carbo- 
| They are found in 


hydrates and contain nitrogen but no phosphoric acid. 
brain tissues. 
glycols See diols. 
glycolysis The conversion of glucose into lactic acid by a series of en. 
catalysed reactions that occur in living organisms. 
glycoproteins Glucoproteins. Complex proteins that contain carbohydrates. 
glycosides Ether-type compounds, derived from sugars and hydroxy com- 
in a glycoside is a non-sugar, it is called 


pounds. If the latter component 1 
an aglycone. Glycosides in which the sugar is glucose are called glucosides. 


Glycosides occur widely in plants. 
glycyl The univalent radical NH,CH,CO- (from glycine ). 
glyoxal Diformyl. (CHO);- A yellow crystalline substance, m.p. 15°C., b.p. 
51°C. It is used in the manufacture of plastics, and in textile finishing. 
glyptal resins Alkyd resins. A class of synthetic resins obtained by the reac- 
tion of polyhydric alcohols with polybasic organic acids or their anhydrides; 
e.g. glycerol and phthalic anhydride. They are used chiefly for surface coat- 
ings. 
erm-free life, especially in experimental conditions 


gnotobiotics The study of gi e 
in which animals are inoculated with specific strains of microorganisms. 


gold Au. Element. R.a.m. 196.967. At. No. 79. A bright yellow soft metal that 
is extremely malleable and ductile; m.p. 1064°C., b.p. 2807°C., r.d. 19.32. 
Gold is not corroded by air, is unattacked by most acids, but dissolves in 
aqua regia. It occurs mainly as the free metal; most compounds are unsta- 
ble and are easily reduced to gold. It is extracted from the ore by the 
amalgamation process and the cyanide process. Alloys with copper or silver, 
to give hardness, are used in coins, jewellery, and dentistry. Compounds 
are used in photography and medicine. 

gold(III) chloride Auric chloride. AuCl. A red soluble crystalline solid, which 
decomposes at 254"C. It is used in photography and gilding glass. 

gold leaf Gold is the most malleable of metals, and can be beaten into leaves 
0.0001 mm thick. The leaf has the appearance of metallic gold, but trans- 
mits green light; ie. appears green when held up to the light. 

gold-leaf electroscope See electroscope. 

Goldschmidt process The preparation of metals from their oxides by alumi- 
nothermic reduction, i.e. by reducing the oxide by means of aluminium pow- 
der, eg. Cr,03 + 2Al = 2Cr + ALO;. The method was discovered by 
Hans Goldschmidt (1861-1923). 
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goniometer An instrument for the measurement of angles (of crystals ). 

Gooch crucible A laboratory filter consisting of a shallow porcelain cup, the 
flat bottom of which is perforated with small holes over which a layer of 
asbestos fibres is placed. 

governor A device for regulating the speed of an engine or machine, on the 
principle of negative feedback, so that its speed is kept constant under all 
conditions of loading. This is often achieved by controlling the fuel con- 
sumption, so that a rise in speed is arranged to reduce the fuel intake and 
a fall in speed to increase it. weg 

gradient The degree of inclination of a slope, usually expressed as unit rise in 
height per number of units covered along the slope; i.e. the sine of the 
angle of rise (see trigonometrical ratios ). Mathematically, the gradient is the 
ratio of the vertical distance to horizontal distance, i.e. the tangent of the 
angle. For small gradients the difference between the sine and the tangent 
is small. In Cartesian coordinates the gradient of the straight line given by y 
= mx + c, is m. In general, the curve y = f(x) has a gradient given by 
dy/dx at the point (xy). 

graduation The marking that indicates the scale of an instrument, eg. the 
Stem of a thermometer is graduated in degrees. 

Graham's Law The rate of diffusion of a gas is inversely proportional to the 
Square root of its density. The principle is made use of in separating iso- 
topes (see isotopes, separation of). Named after Thomas Graham (1805—69). 

grain A British unit of mass. 1/7000 of a pound; 0.0648 g. 

gram Gramme. One of the fundamental units of measurement in the c.g.5. 
system of units. The unit of mass, defined as 1/1000 of the mass of the 
International Prototype Kilogram, a platinum-iridium standard preserved in 
Paris. Symbol g. 

gram-atom A former c.g.s. unit equal to the relative atomic mass of an element 
expressed in grams; e.g. 32 g of sulphur. It has now been replaced by the 
mole. 

gram-equivalent The equivalent weight in grams. See chemical equivalents. 

gram-molecule A former c.g.s. unit equal to the relative molecular mass of a 
compound expressed in grams; e.g. 18 g of water. It has now been replaced 

_ by the mole. 

Gram’s method A method of Staining and classifying bacteria in which gentian 
violet is used to stain a bacterial smear. If the bacteria retain the violet 
dye, after washing with a solution of iodine and potassium iodide in water 
(Gram’s solution) and counterstaining with safranine, they are said to be 
‘gram positive’. If they do not retain the dye they are said to be ‘gram 
negative’. Named after Hans Gram (1853-1938). 

gram weight A former c.g.s. unit of force, the pull of the Earth on the gram 
mass; it varies slightly in different localities, depending on the value of g, 
the acceleration of free fall at the given place. Force expressed in grams 
weight =-force in dynes divided by the appropriate value of g at the place 
under consideration. A force of 1 gram weight = approx. 981 dynes. 

granite Any of a class of heterogeneous igneous rocks, containing quartz, feld- 
spar, and other minerals. ° 

grape sugar See glucose. 
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graph A diagram, generally plotted between axes at right angles to each 
variable quantity to another. Eg. the 


other, showing the relation of one v 
ape of rainfall with time, or the variation in the value of a mathemat- 
5 function as different values are assigned to one of the variables in the 
unction. 

-graph A suffix applied to instrument: 
down observations; e.g. barograph. 

graphite Blacklead, plumbago. A natural allotropic form of carbon, used for 
pencil leads, in electrical apparatus, and as a lubricant for heavy machin- 
SIY: It is also used as a moderator in nuclear reactors. 

graphite-moderated reactor See nuclear reactor. 

graticule 1. A scale, or network of fine wires, in the eye-piece of a telescope or 
pueroscope: 2. A network of parallel lines (longitudinal and latitudinal) on 

map. 

grating See diffraction grating. 

gravimetric analysis A form of quantitative 
substance present is determined by conve 
reaction, into some other substance of known chemical 
can be readily isolated, purified, and weighed. 

Bravitation See Newton's law of gravitation. 

Eravitational constant G. The fundamental constant that appears in Newton's 
law of gravitation. It has the value 6.664 x 10-'' N m? kg~. 

gravitational field The region in which ody (ie. a body that 
Possesses the attribute of mass) exer! ttraction on another 
massive body. 

gravitational interaction The fundamenta 
cles. It is the weakest of all known i 
weaker than the electromagnetic interactio) 
weak interaction. 

gravitational mass See inertial mass. 

graviton A hypothetical particle or quantum of gravitational energy (see gravi- 
tation ). If it exists it is expected to have zero rest mass and charge, and 
spin 2. 

gravity The gravitational force (see 
Earth (or other planet or satellite) an 
gravitational field. As gravity is proportional to the mass of the planet or 
satellite and inversely proportional to the square of the distance from its 
centre, the gravity on a planet or sa [ the Earth's gravity is 
given by 


s that automatically record or write 


chemical analysis. The mass ofa 
ring it, by a suitable chemical « 
1 composition, which : 


one massive bi 
ts a force of al 


| interaction between all massive parti- 5 
nteractions, being some 104° times = 
n. Compare strong interaction and 


Newton’s law of gravitation ) between the 
d a body on its surface, or within its 


tellite in terms © 


whe f (dp! de )7/ Mp. mae 
Mines M, is the mass of the planet in Earth masses, and d,and d, are the 
meters of the planet and Earth respectively. Substituting the relevant 
figures from Table 4 of the Appendix will show that gravity on the surface 
Of the Moon is 1/6 that on the surface of the Earth. . o 
mod is responsible for the weight of a body: the weight of a body is 
€ gravitational force of attraction that the ‘Earth exerts on that body. It is 
M to the mass of the body multiplied by the acceleration of free fall. 
Tavity causes bodies to fall to Earth with a uniform acceleration, but the 
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magnitude of the acceleration of free fall varies with geographical location 
and altitude. 
gray The derived S/ unit of absorbed dose of ionizing radiation. The energy 
in joules absorbed by one kilogram of irradiated material. Symbol Gy. 
Named after L. H. Gray (1905-65). 
à grease A semi-solid lubricant composed of emulsified petroleum oils and solu- 
7 ble hydrocarbon soaps. 
great circle A circle obtained by cutting a sphere by a plane passing through 
` the centre. E.g. regarding the Earth as a sphere, the Equator is a great 
| circle, as are all the meridians of longitude. On the Earth's surface, an 

x apparent straight line joining any two points is ari arc of a great circle, i.e. 

E a geodesic, 

Greek fire A mixture of materials that caught fire when wetted; used by the 
ancient Greeks in naval warfare. It was probably composed of sulphur, 
naphtha, and calcium oxide or similar materials. 

greenhouse effect 1. The effect produced inside a greenhouse: solar radiation 
(infrared, visible, and some ultraviolet) is admitted to the greenhouse 
through its glass roof and is absorbed by the contents. The longer wave- 
length infrared radiation emitted by the contents cannot escape through the 

» Blass and the temperature of the interior rises. 2. A similar effect that 

applies to the whole Earth. Short-wave solar radiation passes through the 

- atmosphere but atmospheric carbon dioxide absorbs the long-wave radia- 


tion emitted by the Earth. Thus solar energy is trapped by the Earth's 
1 atmosphere. 


greenockite See cadmium sulphide. 
green vitriol Copperas. Tron(1I) sulphate crystals, FeSO,.7H,0. 
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Figure 17. 


Gregorian telescope A form of astronomical reflecting telescope similar to à 
Cassegrainian telescope in that a hole in the centre of the parabolic primary 
mirror allows light to pass to the eye-piece, but in the Gregorian telescope 
the secondary mirror is concave rather than convex. Although this type of 
telescope gives an erect image it is not now widely used as it is difficult to 
adjust. Named after James Cregory (1638—75). See Fig. 17. 
grid l. See control grid. 2. A system of high tension cables (overhead or 

underground) by which electrical power is distributed throughout a coun- 
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try. 3. A network of horizontal and vertical lines superimposed on a map 


1o enable references to be given. 

grid bias A fixed voltage applied between the cathode and the control grid of a 
thermionic valve, which determines its operating conditions. 

Grignard reagents A/ky/magnesium halides, prepared by the action of magne- 
sium metal on alkyl halides in ether solution; e.g. C; H;Mgl. They are used 
in organic synthesis. Named after Frangois A. V. Grignard (1871-1935). 

ground state The most stable energy state of a nucleus, atom, or molecule. The 
normal state of an atom when its circum-nuclear electrons move in orbits 
such that the energy of the atom is a minimum. See atom, structure of. 


ground waves Direct waves. Electromagnetic radiations of radio frequencies that 
travel more or less directly from transmitting aerial to receiving aerial, that 
is without reflection from the ionosphere. See sky waves. 

group 1. The set of elements that have similar chemical properties and consti- 


tute a vertical column in the periodic table. 2. A number of covalently 
mpound and have characteristic 


bonded atoms that form part of a co) 

properties. Ethanol, for example, consists of the ethyl group (C)Hs—) and 

the Aydroxyl group (—OH). : 
Grüneisen's law The ratio of the coefficient of expansion of a metal to its 

specific heat capacity at constant pressure isa constant at all temperatures. 
guaiacol o-methoxyphenol. CH40CgH40H. A yellowish crystalline substance, 


m.p. 28.6*C., b.p. 205°C., used in medicine as a local anaesthetic. 
r soluble, crystalline organic 


guanidine HN:C(NH;);. A strongly basic, wate A 
compound, used in the manufacture of plastics, explosives, and rubber accel- 
erators. 

guanine 2-aminohypoxanthine. C;H5N50. A colourless insoluble crystalline 
substance; one of the four nitrogenous bases occurring in the nucleotides of 

nucleic acids, which play a part in the formulation of the genetic code. 

guano Large deposits formed from the excrement and bodies of seabirds. . 
They are found on islands off the coast of Peru. Very rich in nitrogen and 
phosphorus compounds, they provide a valuable fertilizer. — 

guided missile A missile (usually rocket propelled) whose flight path can be 

Is from an external source or 


controlled during flight either by radio signals ft LSU 
by internal Boring Een (pre-set or self-actuating). See beam riding; com- 


mand guidance; field guidance; homing guidance; inertial guidance; terrestrial 


HCM llowish gum obtained from ce 

gum arabi, i ter soluble, yellowish gum 0? T- 

tain aei Aie: a i used in food and pharmaceutical products and 
as an adhesive. 

Sums A large class of substances O' 
exuded from plants. , 

Bun-cotton Cellulose nitrate, nitrocellulose. A powerful explosiv 
action of nitric acid on cellulose. 3 

Bun-metal A variety of bronze containing about 90% copper, 8964106 tin, and 
up to 4% zinc. 

Bunpowder A mixture of potassium nitrate," KNOs, powdered charcoal, and 
sulphur. When ignited, a number of chemical reactions take place, evolving 
gases, thus producing an explosion in a confined space. 
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gutta-percha A material very similar to rubber, obtained from the /atex of 
certain Malayan trees; chemically, it consists of the trans-form of poly- 
isoprene. A horny substance at ordinary temperatures; it is thermoplastic 
and at about 70*C. resembles unvulcanized rubber. It is used for golf ball 
Covers. 

gypsum Natural hydrated calcium sulphate, CaSO4.2H5O, that loses three 
quarters of its water of crystallization when heated to 120°C., becoming 
plaster of Paris. 

gyration Motion round a fixed axis or centre. 

Byrocompass Gyroscopic compass. A compass that does not make use of 
magnetism and is therefore not affected by magnetic storms, etc.; it consists 
of a universally mounted spinning wheel that has a rigidity of direction of 
axis and plane of rotation relative to space, the rotation being electrically 
maintained. See gyroscope. 

gyromagnetic ratio y. The ratio of the magnetic moment of an atom or nucleus 
to its angular momentum. 

gyroscope A spinning wheel mounted in such a way that it is free to rotate 
about any axis; i.e. ‘universally mounted’. Such a wheel has two properties 
upon which applications of the gyroscope depend: 1. Rigidity in space 
(gyroscopic inertia); the support of the wheel may be turned in any direc- 
tion without altering the direction of the wheel relative to space. 2. Preces- 
sion. When a gyroscope is subjected to a couple tending to alter the direc- 


tion of its axis, the wheel will turn about an axis at right angles to the axis 
about which the couple was applied. 
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Haber process Haber-Bosch process. An industrial process for the preparation 
of ammonia, especially for use in fertilizers, from atmospheric nitrogen. A 
heated mixture of nitrogen and hydrogen is passed over a catalyst under 
pressure; the gases combine to form ammonia gas according to the equa- 
tion N}, + 3H; = 2NH3. It was originally devised by Fritz Haber 
(1868—1934) and adapted for industrial production by Carl Bosch 
(1874-1940) in combination with his process for producing the necessary 
hydrogen (see Bosch process). However, most of the hydrogen is now pro- 
duced by steam reforming of natural gas. 

hadron Any particle that can take part in a strong interaction. Hadrons 
include the baryons and mesons. Hadrons are not truly elementary but con- 
sist of quarks in different arrangements (see elementary particles ). 

haematite Natural iron(11I) oxide, Fe;O;. A valuable ore of iron. 

haematology The study of b/ood, its constituents, and the diseases connected 
with it. 

haemocyte A blood cell. 

haemoglobin Red colouring matter (respiratory pigment) present in the red 
blood cells; it consists of a protein, globin, combined with a prosthetic group, 1 
haem, the latter being a highly complex organic compound containing iron, i 
nitrogen, carbon, hydrogen, and oxygen. It serves to carry oxygen, which is 
breathed in, round the body in the form of an easily decomposed com- 
pound, oxyhaemoglobin. 

hafnium Celtium. Hf. Element. R.a.m. 178.49. At. No. 72. A rare mertal, r.d. 
13.3, m.p. 2227°C., b.p. 4602°C. It is used in the manufacture of tungsten 
alloys for filaments and as a neutron absorber in nuclear reactors. 


hair salt Natural aluminium sulphate, Al; (SO4)3.18H5O. 

half cell Half of an electrolytic cell, consisting of an electrode dipping into an 
electrolyte. The electrode potential of such a system is measured by compari- 
son with a Aydrogen electrode, which is assigned an electrode potential of 
zero. 

half-life Half-valve period. The time taken for the activity of a radioactive 
isotope to decay to half of its original value, that is for half of the atoms 
present to disintegrate. Half-lives vary from isotope to isotope, some being 
less than a millionth of a second and some more than a million years. f 
Symbol Ty. 

half-period zones The division of a wave front into elements of area or zones 
such that secondary wavelets (see Huygens’ construction) reaching a given ‘ 
point ahead of the wave from adjacent zones differ in phase by half a 


period, or v. This construction is used in theoretical investigations of h 
Fresnel diffraction in simple cases. 
half-thickness Half-value layer. The thickness of a specified material that, y 
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when introduced into the path of a given beam of radiation, reduces its 
intensity to one half of its original value. 

half-wave plate A plate of double refracting material (see double refraction ) 
cut parallel to the optic axis and of such a thickness that a phase difference 
of 7 or 180° is introduced between the ordinary ray and the extraordinary 
ray for light of a particular wavelength (usually sodium light). The half- 
wave plate is chiefly used to alter the plane of vibration of plane-polarized 
light. See polarization of light. 

halide A binary compound of one of the halogen elements (fluorine, chlorine, 
bromine, or iodine); a salt of the hydride of one of these elements. 

halite See rock salt. 

Hall effect If an electric current flows in a wire placed in a strong transverse 
magnetic field, a potential difference is developed across the wire, at right 
angles to both the magnetic field and the wire. Named after Edwin H. Hall 
(1855-1938). 

Halley’s comet A bright comer that takes about 76 years to orbit the Sun; 
visible in 1986, it was last seen in 1910. It moves round the Sun in the 
opposite direction to the planets. Named after Edmund Halley (1656-1742) 
who first calculated its orbit. 

Hall-Héroult cell An electrolytic cell for extracting aluminium from bauxite 
(Al,03.xH,O). After purification the oxide is mixed with cryolite 
(Na; AIF&) to lower its melting point; this forms the electrolyte, which is 
maintained at about 850*C. by means of the current passed through it 
between the graphite cell lining, which functions as a cathode, and the 
graphite anodes. Molten aluminium is tapped off from the base of the cell. 
Named after Charles M. Hall (1863-1914) and Paul Héroult (1863-1914), 
who both discovered it independently. 

Hall mobility Drift mobility. The mobility of carriers in a semiconductor; 
numerically, it is the velocity of the carriers under the influence of an 
electric field of 1 volt per metre. 

halo A luminous ring sometimes observed surrounding the Sun or the Moon. 
It is caused by the refraction of light by ice crystals in the atmosphere. 

haloalkane Alkyl halide. An alkane in which one or more hydrogen atoms 
have been replaced by a halogen, e.g. trichloromethane (chloroform), CHCls. 

haloform A haloalkane containing three halogen atoms, e.g. iodoform, CHE; 
bromoform, CHBr3; or chloroform, CHCl}. A haloform reaction is a reac- 
tion to produce haloforms from a ketone. For example, if propanone is 
treated with bleaching powder, the chlorinated ketone so formed reacts to 
form chloroform: 

CH4COCH; — CH;COCI; — CHCl. , 
halogenation The introduction of halogen atoms into a compound by addition 
or substitution. D 
halogens The four elements fluorine, chlorine, bromine, and iodine, having 
closely related and. graded properties and forming group 7A of the periodic 
table. (Astatine is also a member of the halogen group, but it has no stable 

isotopes.) x 

haploid Having a set of single (unpaired) chromosomes; e.g. gametes. 

hardening of fats The conversion of liquid fats (oils) consisting mainly of 
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triolein into hard fats by the action of hydrogen in the presence of a 
catalyst. It is used to make margarine from vegetable oils. See hydrogena- 
tion of oils. 

hard radiation See soft radiation. 

hardware See software. 

hard water Water that does not form an immediate lather with soap, owing to 
the presence of calcium, magnesium, and iron compounds dissolved in the 
water. The addition of soap produces an insoluble scum consisting of salts 
of these metals with the fatty acids of the soap, until no more is left in 
solution. Removal of these salts from solution renders the water soft. Hard- 
ness is divided into two types: l. Temporary hardness, due to Aydrogen- 
carbonates of the metals. These enter the water by the passage of the water, 
containing dissolved carbon dioxide, over solid carbonates (chalk or limestone 
deposits, etc.). Such hardness is removed by boiling, the soluble hydrogen- 
carbonates being decomposed into the insoluble carbonates (see fur in ket- 
tles ), carbon dioxide, and water. 2. Permanent hardness, due to sulphates of 
the metals. This is destroyed by the addition of washing-soda, sodium car- 
bonate, which precipitates the insoluble carbonates. All hardness may be 
destroyed by the use of zeolites. 

harmonic motion See simple harmonic motion. 

harmonic series (math.) A series in which the reciprocals of the terms are in 
arithmetical progression. E.g. 

1+ %+ AX. 

harmonics of a wave motion Waves superimposed on a fundamental wave, 
having a frequency that is a whole multiple of the fundamental frequency. 
The second harmonic has a frequency twice that of the fundamental, the 
third harmonic three times, and so on. See also overtone. 

hartree Atomic unit of energy. A unit of energy equal to e?/ap, where e is 
the charge on an electron and ag is the atomic unit of length. It is equal to 
4.85 x 10~'8 joule or 27.2 eV. 

Hartsthorn, spirits of A solution of ammonia in water. 

health physics The branch of physics that deals with the effects of ionizing 
radiation on living organisms, with particular reference to the protection of 
humans from the ill-effects caused thereby. 

heat Energy that is transferred from one body or system to another as a 
result of a temperature difference. The internal energy of a body is also 
sometimes rather confusingly called its heat. Heat is measured in joules, 
like all other forms of energy, in S/ units. In c.g.s. units it is measured in 
calories and in Imperial units it is measured in British thermal units. 

heat capacity C. When the temperature of a system is increased by an amount 
dT as a consequence of the addition of a small quantity of heat dQ, the 
quantity dQ/dT is called the heat capacity. In practice, it is the heat in 
joules required to raise the temperature of a body or system by 1 K. See 
specific heat capacity and molar heat capacity. 

heat death of the Universe The second law of thermodynamics (see thermody- 
namics, laws of) can be interpreted to méan that the entropy of a closed 
System tends towards a maximum and that its available energy tends 
towards a minimum. It has been held that the Universe constitutes a ther- 
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modynamically closed system, and if this were true it would mean that a 
time must finally come when the Universe *unwinds' itself, no energy being 
available for use. This state is referred to as the ‘heat death of the Uni- 
verse’, It is by no means certain, however, that the Universe can be consid- 
ered as a closed system in this sense. 


heat engine Any device that makes use of heat to do work. In a steam engine 
the heat is used to raise steam, which either turns a turbine (steam turbine) 
Or forces a piston to move up and down in a cylinder. In an internal- 
combustion engine, fuel is burnt inside the engine itself and the resulting 
heat expands a gas, which either moves a piston or turns a turbine (gas 
turbine). Practical engines work on a cycle of operations, the most efficient 
of which is the idealized Carnot cycle. 


heat exchanger Any device that transfers heat from one fluid to another with- 
out allowing the fluids to come into contact with each other. The simplest 
type consists of a cylinder within which a coiled tube is mounted. One 
fluid passes through the coiled tube in one direction, while the other fluid 
passes through the cylinder, outside the tube, in the other direction. 

heat of combustion The hear evolved by 1 mole of a substance when it is 
burned in oxygen. 


heat of formation The hear given out or absorbed when 1 mole of a compound 
is formed from its elements in their normal state. The heat of formation of 
elements is, for the purpose of thermochemical calculations, taken as zero. 
See Hess's law. 

heat of neutralization The heat evolved when 1 mole of an acid or base is 
exactly neutralized. For all strong acids or bases, its value is approximately 
57 500 joules (13 700 calories ). 

heat of reaction The heat given out or absorbed in a chemical reaction, usually 
per mole of reacting substances. See Hess's law. 

heat of solution The heat evolved or absorbed when 1 mole of a substance is 
dissolved in a large volume of water, 


heat pump A machine for extracting heat from a fluid that is at a slightly 
higher temperature than its surroundings. For example, the rivers flowing 
through industrial towns are often slightly warmer than the ambient tem- 
perature as a result of the disposal of hot effluents in them. A heat pump 
transfers the heat from the low-temperature source to a high-temperature 
region by doing work on a working fluid. This fluid is compressed adiabati- 
cally in vapour form by means of a pump so that its temperature rises. 
The vapour is then passed through a radiator, where it gives off heat to its 
surroundings (a space or water heater, for example) and in doing so con- 
denses to a liquid. The liquid is then expanded into an evaporator where it 
absorbs heat from the surroundings, so becoming a vapour again before re- 
entering the pump. This cycle is repeated continuously. Basically, the 
device functions as a refrigerator with a different set of parameters. Heat 
pumps are. very versatile and can be used as water or space heaters or as 
air-conditioning units. 

heat radiation Energy emitted by a substance as electromagnetic waves. The 
higher the temperature of the substance the greater the emission of energy, 
most of which lies in the infrared part of the electromagnetic spectrum. See 
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also black-body radiation; Planck's law of radiation; Stefan's law; Wien dis- 
placement. 

heat shield The shielding surface or structure that protects a spacecraft from 
excessive heating on re-entering the Earth's atmosphere. (See re-entry.) 

heat transfer The transfer of energy from one body or place to another as a 
result of a difference in temperature. Heat is transferred by conduction, con- 
vection, or heat radiation. 

Heaviside-Kennelly layer A region of the ionosphere, between 90 and 150 
kilometres above the surface of the Earth (for more recent designation of 
layers see ionosphere ) that reflects electromagnetic radiation of radio frequen- 
cies. Intercontinental radio transmission, round the curved surface of the 
Earth, is possible because of the reflection of sky-waves by the Heaviside- 
Kennelly layer. Named after Oliver Heaviside (1850-1925) and Arthur 
Kennelly (1861—1939). 

heavy hydrogen See deuterium, 

heavy metal A metallic element of relatively high relative atomic mass, e.g. 
platinum, gold, lead. 

heavy spar See barytes. 

heavy water Deuterium oxide. Water in which the hydrogen is replaced by 
deuterium, either as HDO, which is present in natural water to an extent of 
1 part in 6000, or as D5O, present 1 part in 36 x 106. Pure D,0 has a 
maximum relative density of 1.106 at 11.185*C., f.p. 3.82°C., and b.p. 
101.42*C. Heavy water is used as a moderator in some nuclear reactors. It 
is separated from ordinary water by fractional distillation or electrolysis. 

hectare A metric unit of area; 10 000 square metres, 2.471 05 acres. 

hecto- Prefix denoting one hundred times. Symbol h. 

Heisenberg's uncertainty principle See uncertainty principle. 

heliocentric Having the Sun as a centre; measured from the centre of the 
Sun. 

helium He. Element. R.a.m. 4.0026. At. No. 2. An inert gas that occurs in 
certain natural gases, occluded in radioactive ores (e.g. monazite, pitch- 
blende ), and in the atmosphere (1 part in 200 000). It is not flammable and 
is very light, and therefore used for filling airships and balloons. Its b.p., 
—268.93*C., is the lowest of all substances. It is used as a refrigerant and 
to provide an inert atmosphere in welding, etc. 

helix A spiral. Many large natural molecules (e.g. proteins and nucleic acids ) 
are helical in shape. 

Helmholtz free energy See free energy. Named after Hermann von Helmholtz 
(1821—94). 

hemicelluloses Polysaccharides (mainly pentosans) that occur in cell walls of 

-~ plants associated with cellulose and lignin. ^ 3 : 

hemihydrate A compound that has one molecule of water of crystallization for 
Eu two leuis of the compound. Plaster of Paris, 2CaSO4.H50 or 
Ca$O4.%4H20, is sometimes called hemihydrate plaster. 

hemimorphite Natural zinc silicate, 2ZnO.SiO5:H5O. 

henry The derived SI unit of self- and mutual inductance (see self-induction, 
mutual induction). An inductance in a closed circuit such that a rate of 
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change of current of 1 ampere per second produces an induced E.M.F. of 1 
volt. Symbol H. Named after Joseph Henry (1797—1878). 

Henry's law The mass of a gas dissolved by a definite volume of liquid at 
constant temperature is directly proportional to the partial pressure of the 
gas. The law holds only for sparingly soluble gases at low pressures. Named 
after William Henry (1774-1836). 


heparin A complex organic acid related to the polysaccharides but containing 
sulphur and nitrogen, which prevents the clotting of blood by interfering 
with the formation, and action, of thrombin. It is used as an anticoagulant. 

hepta- Prefix meaning seven; e.g. heptahydrate, containing seven molecules of 
water of crystallization. d 

heptane C;H;g. The seventh member of the alkane series. It is found in 
petroleum. B.p. 98.4*C. and r.d. 0.68. 

heptavalent Septivalent. Having a valence of seven. t 

herbicides Substances that kill plants or inhibit their growth. Selective herbi- 
cides affect only particular plant types, making it possible to attack weeds 
growing among cultivated plants. 

Héroult furnace See electric-arc furnace. 


Herschelian telescope A form of astronomical reflecting relescope in which the 
primary mirror is concave and is set at an angle to the incoming light, 
enabling the incoming light to be reflected directly into the eyepiece. " 

hertz The derived SI unit of frequency defined as the frequency of a periodic 
phenomenon of which the Periodic time is one second; equal to 1 cycle per 
second. Symbol Hz. 1 kilohertz (kHz) = 103 cycles per second; ! 
megahertz (MHz) = 106 cycles per second. Named after Heinrich Hertz 
(1857—94). 

hertzian waves Radio waves. Electrom 
frequency from above 3 x 1010 
waves of 1 cm, to below 1.5 x 
waves of 2000 metres. 


Hertzsprung-Russell diagram H-R diagram. A diagram for correlating data 
concerning stars. It consists of a graph in which the absolute luminosity of 
a star is plotted against its spectral type (obtained by examining the spectra 
of stars and arranging them in a sequence that reflects increasing tempera- 
ture ). This graph is thus essentially a plot of total energy output against 
surface temperature. The outstanding feature of this type of diagram is that 
most stars are concentrated in a narrow band running across the diagram: 
the stars at the upper end of the band are hot, bright, and bluish-white, 
while those at the lower end are cooler, dimmer, and reddish in colour. 
This band is called the ‘main sequence’ and stars that fall on it are called 
main-sequence stars. It is mainly from H-R diagrams that the theory of 
stellar evolution has been derived. Named after Ejnar Hertzsprung 
(1873-1969) and Henry N. Russell (1897—1957). 

Hess’s law If a chemical reaction is carried out in stages, the algebraic sum of 
the heat evolved in the separate stages is equal to the total heat evolved 
when the reaction occurs Sirectly; this is a consequence of the law of 


conservation of energy as applied to thermochemistry. Named after 
G. H. Hess (1802-50). 


"agnetic radiation covering a range of 
hertz, corresponding to the shortest radar 
10° hertz, corresponding to long radio 
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hetero- Prefix denoting other, different. 

heterocyclic compounds Organic compounds containing a ring structure of 
atoms in the molecule, the ring including atoms of elements other than 
carbon. E.g. pyridine, C;H;N, having a molecule consisting of 5 carbon 
atoms and | nitrogen atom in a closed ring, with a hydrogen atom 
attached to each carbon atom. 

heterodyne A beat effect (see beats) produced by superimposing two waves of 
different frequency. It is used extensively in radio receivers in which the 
received wave is combined with a wave (of slightly different frequency to 
the carrier wave) generated within the receiver. The two combining waves 
produce an intermediate frequency, which is amplified and then demodulated, 
See superheterodyne. 

heterogeneous Not of a uniform composition; showing different properties in 
different portions. 

heterolytic fission The breaking of a chemical bond so that charged ions are 
formed, e.g. HCl- H * + Cl~. Compare homolytic fission. 

heteropolar bond An electrovalent bond. See valence. 

heuristic Denoting the method of solving mathematical problems for which 
no algorithm exists; it involves the narrowing down of the field of search 
for a solution by inductive reasoning from past experience of similar 
problems. 

Heusler's alloys Alloys containing neither iron, nickel, nor cobalt that exhibit 
strong ferromagnetism. They are composed of copper, manganese, and alu- 
minium. Named after Conrad Heusler. 

hexa- Prefix denoting six; six times. 

hexachlorocyclohexane See benzene hexachloride. 

hexadecane Cetane. C}¢H34. A colourless liquid alkane, m.p. 18°C., b.p. 
287°C. It is used as a solvent and in the determination of cetane numbers. 

hexadecanoic acid See palmitic acid. 

hexadecanol Cetyl alcohol. CjgH33OH. A white crystalline insoluble solid, 
m.p. 50°C., used in cosmetics and in pharmaceutical products. 

hexamine Hexamethylenetetramine, urotropine. (CH;)gN4. A white crystalline 
substance obtained by the condensation of ammonia with methanal. It is 
used in medicine, in the manufacture of vulcanized rubber, and in the 
manufacture of cyclonite. 

hexane C,H;4. The sixth member of the alkane series. It is found in petro- 
leum. B.p. 69°C. and r.d. 0.66. 

hexanedioic acid Adipic acid. COOH(CH)4COOH. A white crystalline solid, 
m.p. 152°C., used in the synthesis of nylon. bie 5 

hexanoic acid Caproic acid. CH3(CH5), COOH. A colourless oily liquid with 
an unpleasant smell, b.p. 205°C. Its esters, e.g. ethyl hexanoate (caproate), 
are used in artificial flavourings. 

hexavalent Sexivalent. Having a valence of six. e 

hexogen See cyclonite. 

hexosans Polysaccharides that yield hexoses on hydrolysis. 

hexose A monosaccharide whose molecule contains six carbon atoms, e.g. the 
sugars glucose, fructose, and galactose. 
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hexyl group Any of the five isomeric univalent radicals CS Hj 4—. 

hexylresorcinol C6 H13C6H3(OH)}. A yellow crystalline solid, m.p. 60°C., 
used as an antiseptic and in medicine 

high fidelity See fidelity. 

high frequency HF. Radio frequencies between 3000 and 30000 kilohertz. See 
Appendix, Table 10. 

high-frequency welding Radio-frequency welding. A method of welding ther- 
moplastic materials in which the heat required to fuse the surfaces together 
is generated by the application of radio frequency electromagnetic radiation. 

high-speed steel A very hard steel containing 12%-22% tungsten, with chro- 
mium, vanadium, molybdenum, and small amounts of other elements; it is 
used for tools that remain hard even at red heat. 

high tension High voltage. 


histamine C;H5N;(CH;);NH;. A white crystalline substance, m.p. 86°C., 
that occurs in animal tissues when they are injured and as part of the 
allergic reaction, causing dilation of blood vessels; it also stimulates gastric 
secretion of Aydrochloric acid. 

histidine A crystalline soluble amino acid, which occurs in fish and from which 
histamine is manufactured. See Appendix, Table 5. 

histogram A type of graphical representation, used in statistics, in which fre- 
quency distributions are illustrated by rectangles. 

histology The study of 
tures. 

hodoscope An apparatus for tracin, 
cosmic-ray particle). 


hole The absence of an electron in the valence structure (see energy bands ) of 
a body. The Process of filling these vacancies by electrons, which thereby 
creates new holes, gives rise to ‘hole conduction’. A hole may, therefore, be 
regarded as a mobile vacancy. See semiconductor. 

holmium Ho. Element. R.a.m. 164.93, At. No. 67. A soft silvery metal, r.d. 
8.803, m.p. 1474*C., bp. 2695°C., it has one natural isotope, holmium-165. 
See lanthanides. 


holo- Prefix denoting whole; e.g. holohedral crystal, a crystal having the full 
number of faces for perfect symmetry. 

holocellulose All the carbohydrate components of a cellulose raw material. 

hologram The intermediate photographic record that contains the information 
for reproducing a three-dimensional image by holography. 

holography A method of reproducing three-dimensional images without cam- 
eras or lenses using photographic film and coherent light. A beam of coher- 
ent light from a /aser is split in two by a semi-transparent mirror, so that 
one beam (the signal beam) can be diffracted by the object to be repro- 
duced onto a photographic film or plate. The other beam (the reference 
beam) falls directly onto the film or plate (see Fig. 18a). The two beams 
form interference patterns on the plate thus forming the hologram. The fine 
Speckled pattern on the plate contains information characteristic of the 
wave fronts themselves, rathei than of the light intensities as in normal 
photography. To reproduce the image the hologram is illuminated by coher- 
ent light (usually of the same wavelength as the original beam). The 
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hologram acts as a diffraction grating and produces two sets of diffracted 
waves, which form equal angles with the plate (see Fig. 18b). One set of 
waves forms a real image on a screen or photographic plate, while the 
other forms a three-dimensional virtual image. 

homeomorphous Having the same crystalline form but different chemical com- 
position. 

homing guidance A method of missile or rocket guidance in which the missile 
contains equipment enabling it to detect and steer itself onto its target. 

homo- Prefix denoting same; e.g. homogeneous. 

homocyclic compounds Organic compounds the molecules of which contain a 
ring structure of atoms of the same kind (usually carbon). E.g. benzene, 
Cs Hg. 

homogeneous Of uniform composition throughout. 

homologous pair In spectrographic analysis an homologous pair consists of the 
particular spectral line (see line spectrum ) utilized in the determination of 
the concentration of an element and an internal standard line, such that the 
ratio of the intensities of the radiations» producing the lines remains 
unchanged with variations in the conditions of excitation. 

homologous series A series of chemical compounds of uniform chemical type, 
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showing a regular gradation in physical properties, and capable of being 
represented by a general molecular formula, the molecule of each member of 
the series differing from the preceding one by a definite constant group of 
atoms. E.g. the alkanes. 

homologues Members of the same homologous series; e.g. methane, CH4, and 
ethane, Cj Hg. 

homolytic fission The breaking of a chemical bond so that neutral atoms or 
radicals are formed. Compare heterolytic fission. 

homopolar bond A covalent bond. See valence. 

Hooke's law Within the elastic limit, a strain is proportional to the stress 
producing it. ‘Ut tensio, sic vis.’ See elasticity, elastic modulus. Named after 
Robert Hooke (1635—1703). 

horizontal component By. The horizontal component of the Earth's magnetic 
field. See magnetism, terrestrial. 

hormones Specific substances produced by the endocrine glands of higher ani- 
mals, which are secreted into the blood and which are thus carried to all 
parts of the body where they regulate many metabolic functions of the 
organism. They are quick-acting and only a minute amount may have a 
profound effect on metabolism. Hormones are either proteins (e.g. insulin ), 
CH (e.g. cortisone ), or relatively simple organic compounds (e.g. adrena- 
line ). 

hornblende A rock-forming mineral consisting mainly of silicates of calcium, 
magnesium, and iron. 


horn silver Cerargyrite, chlorargyrite, Natural silver chloride, AgCI. An impor- 
tant ore of silver. 

horsepower h.p. The British unit of power; work done at the rate of 550 foot- 
pounds per second. 1 h.p. = 745.7 watts. 

hot-wire instrument An electrical measuring instrument (ammeter or voltmeter ) 
that depends upon the expansion, or change in resistance, of a wire heated 
by the passage of an electric current. It will measure both a.c. and d.c. 

Hubble constant The ratio of the distance between the Local Group of galax- 
ies and a receding cluster of galaxies (see expansion of the Universe ) to the 
rate at which the distant cluster recedes. The Hubble constant therefore 
represents the hypothetical period of time since all the matter in the Uni- 
verse was located in one ‘super-dense’ agglomeration, if it is assumed that 
its rate of expansion has been constant over this period. The value of the 
Hubble constant is variously estimated as being between 5 and 10 thou- 
sand million years. Named after Edwin Hubble (1889—1953). 

hue The characteristic of a colour that is determined by its wavelength. 

humidity of the atmosphere A measure of the water vapour present in the air. 
It may be given in terms of relative humidity, or the absolute humidity. The 
specific humidity is the mass of water in the atmosphere per unit mass of 
air. 

humus Dark brown colloidal matter present in soil as the result of animal and 
pcseieble decomposition. It is an important source of mineral nutrients for 
plants. ` 

Huygens’ construction Each point of a wave front may be regarded as a new 
source of secondary wavelets. Knowing the position of the wave front at 
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any given time, the construction enables its position to be determined at 
any subsequent time. Named after Christian Huygens (1629-95). 

Huygens’ principle of superposition The resultant displacement at any point 
due to the superposition of any system of waves is equal to the sum of the 
displacements of the individual waves at that point. This principle forms 
the basis of the theory of light interference. 

hydrargyrum See mercury. 

hydrate A compound containing combined water. It is generally applied to 
salts containing water of crystallization. 

hydrated 1. The opposite of anhydrous; containing chemically combined water. 
2. Denoting a salt containing water of crystallization. 

hydraulic cement Cement that hardens in contact with water. 


1 NEWTON 


[ 
50N 


UNIFORM 
“> PRESSURE —* 


1Npercm? 


Figure 19. 


hydraulic press An application. of Pascal's law; a device enabling a force 
'applied by a piston over a small area to be transmitted through water to 
another piston having a large area; by this means very great forces may be 
obtained. See Fig. 19. 

hydraulics The practical application of hydrodynamics to engineering. 

hydrazine H; N.NH;. A fuming strongly basic liquid, b.p. 113°C., a powerful 
reducing agent, it is highly reactive being used in organic synthesis and as a 
rocket propellant, either alone or mixed with the dimethyl derivative. 


hydrazo group The bivalent radical -HNNH-. 
hydrazoic acid See hydrogen azide. 
hydrazones Organic compounds containing 1 
duced by reacting substituted hydrazines 
hydride A binary compound with hydrogen. 
hydro- Prefix denoting water; e.g. hydrogen, water producer. In chemical 
nomenclature, it often denotes a compound of hydrogen; e.g. hydrochloric 


he group H;NN:C:. They are pro- 
with aldehydes and ketones. 


acid. 

hydrobromic acid HBr. A solution of the pale yellow gas, hydrogen bromide, 
in water. 

hydrobromide A salt formed when an organic base (e.g. an alkaloid ) combines 
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with Aydrobromic acid. The salt so formed is usually more soluble than the 
base. 

hydrocarbons Organic compounds that contain only carbon and hydrogen. 
They are classified as either aliphatic or aromatic compounds (or a combina- 
tion of both). Hydrocarbons may be either saturated or unsaturated com- 
pounds. 

hydrochloric acid Muriatic acid, spirits of salts. A solution of the colourless 
pungent gas hydrogen chloride, HCI, in water. The concentrated acid con- 
tains 35%-40% HCl by mass and is a colourless fuming corrosive liquid. It 
is manufactured by the action of sulphuric acid, H S04, on sodium chloride, 
or by the direct chemical combination of hydrogen and chlorine obtained 
by the electrolysis of brine. It is very widely used in chemical industry. 

hydrochloride A salt formed when an organic base (e.g. an alkaloid) combines 
with hydrochloric acid. The salt so formed is usually more soluble than the 
base. 

hydrocyanic acid Prussic acid, hydrogen cyanide. HCN. A colourless, intensely 
poisonous liquid with a smell of bitter almonds. B.p. 26.5°C. 


hydrodynamics The mathematical study of the forces, energy, and pressure of 
liquids in motion. 


hydroelectric power Electrical energy obtained from water-power, the latter 
being used to drive a dynamo. 

hydrofluoric acid 1. A solution of hydrogen fluoride, HF, in water. 2. The 
compound HF itself, a colourless corrosive fuming liquid, b.p. 19.5°C., that 
attacks glass and is used for etching glass. 

hydrogel A colloidal gel in which water is the dispersion medium. 

hydrogen H. Element. R.a.m. 1.00797. At. No. 1. A colourless odourless taste- 
less gas, m.p. -259.14*C., b.p. -252.87*C., that forms diatomic molecules. 
It is the lightest substance known, is flammable, and combines with oxygen 
to form water. It occurs as water, H20, in organic compounds, and in all 
living things. It is manufactured by steam reforming of natural gas, by the 
Bosch process, and by electrolysis. It is used in the oxy-hydrogen burner, as a 
reducing agent, in the manufacture of synthetic ammonia (see fixation of 
atmospheric nitrogen ) and of. synthetic oil (see Fischer-Tropsch process ), and 
for hydrogenation of oils. Three isotopes of hydrogen are known; the two 
‘heavy’ isotopes, deuterium and tritium, are of importance in nuclear physics. 

hydrogen arsenide See arsine. 

hydrogenation Subjecting to the chemical action of, or causing to combine 
with, hydrogen. 

hydrogenation of coal The manufacture of artificial mineral oi/ from coal by 
the action of hydrogen. This depends on causing the carbon in coal to 
combine with hydrogen to form hydrocarbons. See Bergius‘ process, Fischer- 
Tropsch process. 

hydrogenation of oils Artificial hardening of liquid animal and vegetable oils 
by the action of hydrogen. Liquid fats and oils contain a high percentage of 
liquid triolein, Cs7H10406, which may be converted into a solid rristearin, 
57H) 1006, by the action of hydrogen in the presence of a finely divided 
nickel catalyst; the result being a hard fat of higher melting point. This is 
the basis of the process for manufacturing margarine. 
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hydrogen azide Hydrazoic acid, azoimide. HN3. A colourless poisonous explo- 
sive liquid, b.p. 37°C., that forms explosive salts with heavy metals. The 
salts are called azides. 

hydrogen bomb See nuclear weapons. 


o 
l 
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Figure 20. 


hydrogen bond A weak electrostatic chemical bond that forms between 
covalently bonded (see valence) hydrogen atoms and a strongly electronega- 
tive atom with a lone pair of electrons (e.g. oxygen, nitrogen, fluorine). Ice 
crystals are held together by this type of bond, a tetrahedral structure being 
built up as in Fig. 20 (where the dotted lines represent hydrogen bonds). 
When ice melts this structure breaks down but some hydrogen bonds con- 


tinue to exist, and liquid water consists of groups of water molecules held . 


together by hydrogen bonds. The hydrogen bond is of enormous impor- 
tance in biochemical processes, especially the N—H - - - N bond, which 
enables complex proteins and nucleic acids to be built up. Life would be 
impossible without this type of linkage. 

hydrogen bromide See Aydrobromic acid. 

hydrogencarbonate Bicarbonate. A salt of carbonic acid in which one hydrogen 
atom has been replaced, i.e. a salt containing the ion HCO 5. 

hydrogen chloride See Aydrochloric acid. 

hydrogen cyanide See hydrocyanic acid. 

hydrogen electrode A half cell used as a standard for measuring electrode 
potentials, for which purpose it is assigned a potential of zero, It consists of 
a platinum electrode, over which hydrogen is bubbled, immersed in a dilute 
acid. This arrangement is designed to produce a standard concentration of 


hydrogen ions. See also redox reaction. 
hydrogen fluoride See hydrofluoric acid. E 
hydrogen iodide Sec Aydroiodic acid. 
hydrogen ion A positively charged hydrogen atom; a proton. The general 
properties of acids in solution are due to tne presence of hydrogen ions. 
hydrogen ion concentration The number of moles of hydrogen ions per cubic 


193 


HYDROGEN PEROXIDE 


decimetre of solution. It is useful as a measure of the acidity of a solution 
and in this context is usually expressed in terms of pH = logio l/[H *], 
where [H *] is the hydrogen ion concentration. As pure water at ordinary 
temperatures dissociates slightly into hydrogen ions and hydroxyl ions 
(H20 = H+ + OH"), the concentration of each type of ion being 1077 
mole dm~3, the pH of pure water will be logig1/1077 = 7; this figure is 
accordingly taken to Tepresent neutrality on the pH scale. If acid is added 
to water its hydrogen ion concentration will increase and its pH will there- 
fore decrease. Thus a pH below 7 indicates acidity and similarly a pH in 
excess of 7 indicates alkalinity. 

hydrogen peroxide H203. A thick syrupy liquid, b.p. 150.2*C.; the usual form 
in which it is sold is a solution of the pure compound in water. It gives off 
oxygen readily, and is used as a disinfectant and bleaching agent. Strength 
of solution is usually given in terms of 'volume strength'; thus, 10 volume 
hydrogen peroxide will evolve 10 times its own volume of oxygen gas. 

hydrogen phosphide See Phosphine. 

hydrogensulphate Bisulphate. A salt of sulphuric acid in which one hydrogen 
atom has been replaced, i.e. a salt containing the ion HSO}. 

hydrogen sulphide Sulphuretted hydrogen. HS. A colourless poisonous gas 
with a smell of bad eggs. It is formed by the decomposition of organic 
matter containing sulphur and occurs naturally in some mineral waters. It 

is prepared by the action of dilute acids on sulphides of metals: it is used 
in chemical analysis. A solution of H;S in water, called hydrosulphuric 
acid, contains the iom HS-. Acid salts containing this ion are known as 
hydrogensulphides (formerly hydrosulphides). 

hydrogensulphite Bisulphite. A salt of sulphurous acid in which one hydrogen 
atom has been replaced, i.e. a salt containing the ion HSO ;. 

hydroiodic acid HI, A Solution of the colourless gas, hydrogen iodide, in 
water. 

hydrolases A class of enzymes that control hydrolysis; e.g. esterases, proteases. 

hydrolith Calcium hydride. CaH;. A substance that is decomposed by water 
and used for the Production of hydrogen, according to the equation: 

CaH; + 2H,0 = Ca(OH); + 2H). 

hydrological cycle Water cycle. The cycle of events by which water evaporates 

from the seas into the atmosphere, where it forms clouds, from which it 


hydrology The study of water with reference to its occurrence and properties 
in the hydrosphere and atmosphere. 

hydrolysis The chemical decomposition of a substance by water, the water 
itself being also decomposed; the reaction is of the type: 

^ AB + H50 = A(OH) + HB 

Salts of weak acids, weak bases, or both, are partially hydrolyzed in solu- 
Hon, esters may be hydrolyzed -to form an alcohol and acid. See Saponifica- 
tion. 


hydrometer An instrument for measuring the density or relative density of 
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liquids. The common type consists of a weighted bulb with a graduated 
slender stem; the apparatus floats vertically in the liquid being tested. In 
liquids of high density a greater length of stem is exposed than in liquids 
of low density. 

hydronium ion Former name for the oxonium ion, H30 *. 

hydrophilic Having an affinity for water. 

hydrophobic Having no affinity for warer; water-repellent. 

hydroponics Cultivation of plants without the use of soil, using instead solu- 
tions of those mineral salts that a plant normally extracts from the soil. 

hydroquinone See benzene-1,4-diol. 

hydrosol A colloidal solution, as distinct from a hydrogel, water being the 
solvent. 

hydrosphere The watery portion of the Earth's crust, comprising the oceans, 
seas, and all other waters. Composition by mass is oxygen 85.8%, hydrogen 
10.7%, chlorine 2.1%, sodium 1.1%, magnesium 0.14%, not more than 0.05% 
of any other element being present. The chief constituents are water, HO 
(approx. 102! kg), sodium chloride, NaCl, and magnesium chloride, MgCl». 

hydrostatics The mathematical study of forces and pressures in liquids or at 
rest. 

hydrosulphate A salt formed when an organic base (e.g. an alkaloid) combines 
with sulphuric acid. The salt so formed is usually more soluble than the 
base. 

hydrosulphide See Aydrogen sulphide. 

hydrosulphuric acid See Aydrogen sulphide. 

hydrous Containing water. 

hydroxide A compound derived from water, H20, by the replacement of one 
of the hydrogen atoms in the molecule by some other atom or group; either 
a compound containing the hydroxide ion, OH ^, or a compound contain- 
ing the hydroxy! group, —OH. Hydroxides of metals are alkalis. 

hydroxonium See oxonium. 

hydroxy acid An organic acid containing hydroxyl groups in addition to car- 
boxyl in its molecule; e.g. lactic acid, CH; CH(OH)COOH. 

3-hydroxy-2-butanone See acetoin. 

2-hydroxy-1,2-diphenylethanone Benzoin. C&H,CHOH.CO.C;Hs. An optically 
active crystalline substance, m.p. 133-7°C., used in organic synthesis. 

hydroxyl group The univalent —OH group. It is present in covalently bonded 
form in alcohols. 

2-hydroxypropanoic acid See lactic acid. 

hygro- Prefix denoting moisture, humidity. E.g. hygrometer. 

hygrodeik A wet and dry bulb hygrometer with a chart attached, which enables 
the relative humidity to be obtained directly from the readings of the two 


thermometers. 
hygrometer Any instrument designed to mea: 


atmosphere. 
hygroscope An instrument for showing variations of relative humidity of the 


\ 


sure the relative humidity of the 


air. 
hygroscopic Having a tendency to absorb moisture. 
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hyoscine Scopolamine. Ci;H;;NO,. A colourless crystalline alkaloid, m.p. 
- 82°C., used in the form of its hydrobromide as a sedative and narcotic. 

hyoscyamine C,7H23NO3. A poisonous crystalline alkaloid, m.p. 106°C., 
obtained from henbane, and used in the form of its Aydrobromide or 
hydrosulphate as a sedative and antispasmodic. 

hypabyssal rock See igneous rock. 

hyper- Prefix denoting over, above, beyond. 


hyperbola A curve traced out by a point that moves so that its distance from 
a fixed point, the focus, always bears a constant ratio greater than unity to 
its distance from a fixed straight line, the directrix. The curve has two 
branches and is formed by a plane cutting a right circular cone when the 
angle the plane makes with the base is greater than the angle formed by 
the cone's side (see conic sections ) 

hyperbolic functions Six mathematical functions analogous to the trigonometri- 


cal ratios. The hyperbolic functions are sinh, cosh, tanh, cosech, sech, and 
coth. Sinh x is defined as 


and cosh x as 

4 (e* + e-*), 

(See exponential ). The remaining functions are derived from sinh and cosh, 
on the same basis as the related trigonometrical ratios. 

hypercharge A property of certain elementary particles; it is equal to the parti- ‘| 
cle’s baryon number added to its strangeness. This Property is not con- 


served in weak interactions but it is in strong and electromagnetic interac- 
tions, 


ts of rocket fuels that ignite spontaneously 
upon contact with some other specific constituent, 
hypermetropia Long sight. A defect of vision in which the subject is unable to | 


see near objects distinctly. It is corrected by the use of convex spectacle | 
lenses. 


Hyperol* Trade name of a crystalline compound of urea and hydrogen perox- 
ide; CO(NH}),.H2 0). It evolves hydrogen peroxide by the action of water. 
hyperons A group of elementary particles, belonging to the class called bary- 


a greater osmotic pressure. E 
hypnotic (chem.) A substance producing sleep. A sedative, 
hypo- Prefix denoting under, below. 
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hypo (phot.) See sodium thiosulphate, Na;S;O3.5H5O. It was formerly incor- 
rectly called ‘sodium hyposulphite’. See fixing. 

hypochlorite See chlorate. 

hypochlorous acid See chloric acids. 

hypocycloid The figure traced by a point on the circumference of a circle that 
rolls, without slipping, round the inside of a larger fixed circle. 

hypophosphorous acid Phosphinic acid, HPH;O;. A colourless deliquescent 
crystalline substance, m.p. 26.5^C. It decomposes on heating into 
phosphoric(V) acid and phosphine. It is used as a reducing agent. 

hypotenuse The side opposite the right angle (i.e. the longest side) in a right- 
angled triangle. 

hypothesis A supposition put forward in explanation of observed facts. 

hypotonic A solution is said to be hypotonic with respect to another if it has 
a smaller osmotic pressure. 

hypsometer *Height-measurer'. An apparatus for the determination of the boil- 
ing point of a liquid. Since the boiling points of liquids depend upon the 
pressure, and the atmospheric pressure varies with the altitude, the appara- 
tus may be used for the determination of altitude above sea-level. 

hysteresis A physical phenomenon chiefly met in the elastic and magnetic 
behaviour of materials. When a body is stressed, the strain produced is a 
function of the stress. On releasing the stress, the strain lags behind; i.e. 
the strain for a given value of stress is greater when the stress is decreasing 
than when it is increasing. On removing the stress completely, a residual 
strain remains, This lagging of effect behind cause is called Aysteresis, It 
also occurs in induced magnetism. See hysteresis cycle. 


Figure 21. 


hysteresis cycle A cycle of magnetizing field variations to which an initially 
demagnetized ferromagnetic substance is subjected. The magnetizing field is 
periodically reversed in direction until a steady state is reached in which 
the magnetic flux density in the specimen at any instant is a function only 
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of the magnitude of the magnetizing field and the sign of its rate of change 
at that instant. When this condition has been reached, a plot of magnetic 
flux density (B) against magnetizing field (H) gives a ‘hysteresis loop’ or 

i i d to zero along PQ, there is a residual 


ce, OQ, which is called the remanence. 
P Reversing the polarity of H along QRS reduces the value of B to zero at R. 


OR, required to reduce B to zero is called the coer- 
ersing the field of an electromagnet causes energy tO 

ing the core. This ‘hysteresis loss’ is proportional to the 
area of the hysteresis loop, which should therefore be as small as possible. 
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iatrochemistry Medieval medical chemistry; early attempts at the application 
of drugs to medicine. 

ice Water, H20, in the solid state, formed at the freezing point of water, 0*C. 
As it is less dense than water, water expands (See water, expansion of ) on 
freezing, and ice floats on water. See Aydrogen bond. 

ice point The temperature of equilibrium between ice and water under normal 
atmospheric pressure (see atmosphere ); i.e. the melting point of ice. The ice 
point is assigned the value of 0*C., in the Celsius temperature scale. 

iconoscope A form of camera tube (see camera, television) in which an elec- 
tron beam scans a mosaic, thus converting an optical image into an electri- 
cal signal. 

icosahedron A polyhedron with twenty faces. 

-ide A chemical suffix denoting a binary compound of the two named elements 
or radicals; e.g. hydrogen sulphide, a compound of hydrogen and sulphur 
only. 

ideal crystal A crystal whose lattice is perfectly regular and contains no for- 
eign atoms or ions or other defects or imperfections. 

ideal gas See perfect gas. 

ideal solution A solution that obeys Raoult's law exactly. 

identity (math.) A statement of equality between known or unknown quanti- 
ties that holds true for all values of the unknown quantities. E.g. 
3x 22x + x irrespective of what value is assigned to x. 

IGFET See field-effect transistor. 

igneous rock A rock formed from molten silicates (magma ) The types of 
igneous rock depend on the depths at which they solidified. Plutonic rocks, 
the coarsest igneous rocks, formed at the greatest depths; the medium- 
grained hypabyssal rocks formed relatively close to the Earth's surface; and 
volcanic rocks formed from magma poured onto the Earth's surface from 
volcanoes. Compare metamorphic rocks; sedimentary rocks. 

ignis fatuus Will-o'-wisp. A pale flame sometimes seen over marshy ground, 
probably'caused by the spontaneous combustion of methane, CHg, or other 
inflammable gases. 

ignition The action of setting fire to something. Initiating combustion by rais- 
ing the temperature of the reactants to the ignition temperature; particularly 
the process or means of firing the explosive mixture in an internal-combus- 
tion engine by an electric spark. 

ignition temperature Tgnition point. 1. The temperature to which a substance 
must be heated before combustion can take place. 2. The temperature to 
which a plasma has to be raised to enable nuclear fusion to occur. 

illuminance E,. The luminous flux falling on a sürface per second. The derived 
SI unit of illuminance is the lux (lumen per square metre J 

ilmenite Natural iron(II) titanate, FeTiO3. An ore of titanium. 
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image converter A device for converting an image formed by non-visible radi- 
ation (such as infrared or ultraviolet radiation ) into a visible image. It usu- 
ally consists of a photocathode onto which the non-visible radiation tgs 
focused and a Sluorescent screen, which is activated by the electrons emitt 
by the photocathode. 

image, real (phys.) An image formed by a mirror or lens at a point through 
which the rays of light entering the observer’s eye actually pass. Such an 
image can be obtained On a screen. See Fig. 25 under /ens. 


image, virtual (phys.) An image seen at a point from which the rays of light 


IMAGE CONVERTER 


light do not pass through that Point. See Fig. 25 under /ens. 7 

imaginary numbers Numbers with negative squares; thus \/—1 is an imaginary 
number, denoted by i; i? = —]. p 

imidazole Iminazole, glyoxaline. C3H4N2. A colourless soluble heterocyclic 
crystalline substance, m.p. 90°C., used in organic synthesis. 

imide Imido compound. A compound containing the imido group: 
-CO.NH.CO-. 

imine Imino compound. A compound, derived from ammonia, containing e 
imino group; NH=, in which the two hydrogen atoms of ammonia ar 
replaced by non-acidic organic radicals. 

immersion objective Oil-immersion lens. At 
Power microscopes, the lowest lens of th 
immersed in a drop of cedar- 
ined. Such an arrangement c. 
the oil were absent. 


immiscible Incapable of being mixed to form a homogeneous substance; it iS 
usually applied to liquids, e.g. oil and water are immiscible. 

immune response See antibody. e. 

immunization The stimulation of an immune response in a person by Lina 

them a vaccine, either orally or by injection, to enable them to produce t i 
appropriate antibodies. This is known as active immunization. In passiv 
immunization the actual antibodies themselves are injected. 

immunoglobulins See globulins. 

impact The collision of bodies. See conservation of momentum. 

impedance Z. The quantity that determines the amplitude of the current for a 
given voltage in an alternating current circuit. For a circuit containing resis- 
tance R, self-inductance L, and capacitance C connected in series, the impe- 
dance of the circuit is given by the expression 

Z = [R* + (Lo - M Co )]4 
where o is the angular frequency of the alternating current. o = 27/f, 
where f is the frequency of the current. 

Imperial vnits A British System of units based on the pound, yard, and gallon. 
It is being replaced by metric units for general purposes and has been 
replaced by SI units for Scientific purposes. , 

impermeable Not permitting the passage of fluids. 

impfing See seeding. 


ype of objective used in high 
e objective lens system being 
wood oil placed upon the slide to be exam. 
auses more light to enter the system than i 
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implicit function A variable quantity, x, is sa 
t explicit, See 


X. when x and y are connected by a relation that is noi 
( explicit function. 
implosion The inward collapse of an evacuated vessel. 
improper fraction See proper fraction. 
impulse (phys.) A force acting for a very 
peat force) by the product of the magni 
which it acts; it is equal to the total change of 
le. impulse 


short time; it is given (for a con- 
tude of the force and the time for 
f momentum produced by it, 


aimi J = mlio) 
ere m is the constant mass during a change O! 
the force is not constant, t 

J = Jp Fae. 


incandescence The emission of light caused by high tempera 


. bright-red heat. 
incidence, angle of The angle between a ray of light meeting a surface and the 
normal to the surface at that point. See Fig. 35 under refraction, angle of- 


inclination See magnetic dip. 
inclinometer 1. See dip circle. 
inclination that an aircraft m 


incubator A box designed to maintai 
use of a thermostat; it is used for such purpos 


= Prematurely born infants. 

indefinite integral See integration. 

indene C, H4.C4 H4. A colourless liquid aromatic hydrocarbon, b.p. 1822*C., 

; obtained from coal-tar and used in organic synthesis. 

indeterminancy principle See uncertainty principle. 

index (math. The exponent of a quantity raised to a power, the number 
indicating the power to which the quantity is raised. E.g. the index of a in 


4a? is 5. 
Indian ink Chinese ink. Black ink containing à suspension of carbon. 
indicator (chem.) A substance that, by a sharp colour change, indicates the 
tly used in volumetric analy- 


completion of a chemical reaction. It is frequen y 
of acids and alkalis are usually weak organic 


sis. Indicators for titrations K wet 

acids or bases, yielding ions of a different colour from the un-ionized mole- 

cules (see ionization ). E.g. litmus is red with acids and blue with alkalis, a 
lete. See, end point. 


change in colour indicating that neutralization is comp! 
vat. dye, formerly extracted from 


indigo C,¢HjoN202- An important blue rmer : 
plants of the genus Indigofera, in which it occurs as indican, a glucoside. It 
is now manufactured artificially on a large scale. 


indium In. Element. R.a.m. 114.82. At. No. 49. A soft silvery-white metal, r.d. 
°C. Compounds are rare but some, such as 


7.31, mp. 156.4°C., b.p. 2080 e M s 
InSb and InAs, are used in semiconductors. The metal itself is used in some 
special electroplates and dental alloys. 
indole C; HzN. A yellow soluble substance, m.p 525*C., that occurs in oil of 
jasmin and is à decomposition product of proteins in animal intestines. 


Despite its unpleasant smell it is used in perfumes. 


f velocity from Yo to vj. If 


tures; white or 


2. An instrument for measuring the angle of 


akes with the horizontal. 
in a constant internal temperature by the 
es as rearing chickens and 
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indole-3-acetic acid IAA, indole-3-ethanoic acid Cio Hg NO,. A white crystal- 
line substance, m.p. 168—170°C., 


that promotes plant growth. See auxins. 
induced current See induction, electromagnetic. 


induced radioactivity Artificial radioactivity. Radioactivity induced in naturally 


Stable elements by bombarding them with neutrons or other high energy 
particles (or photons » 


inductance 1. L. The 


etically linked (see mutual ind 
henry. 2. A device or circui 


induction, charging by A Process of electrically charging an insulated con 
for, using the force due to another nearby charge to separate the positi 
and negative charges existing on the conductor. 


induction, electromagnetic When the m 


magnetic flux Producing it (Lenz's Law ). 
induction, 


induction coil An instrument for Producing a high electromotive force from à 
supply of low i i i 


be induced in the Secondary winding 
these currents and the flux causes the rotor to rotate. 

inductometer A calibrated variable inductance. 

inelastic collision A Collision between bodies in which there is a loss of total 
Kinetic anergy and a Corresponding rise in the internal energy of one or 
both of the colliding bodies. Referring to nuclear Physics, an inelastic colli- 


Sion is one in which an incoming particle causes excitation or breaking up 
of the struck nucleus. 


inelastic cross-section See cross-section. 
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m Not easily changed by chemical reaction. 
ert gases Noble gases, rare gases. The elements helium, neon, argon, kryp- 
periodic table. They are all chem- 


ton, xenon, radon forming group 0 of the 
ically inactive, although some compounds of xenon and krypton have been 
) Argon occurs in appreciable 


reported (eg. XeFj, XeO3, XePtFg, KrF2 
amounts (0.8%) in the air; the others, with the exception of radon, occur in 
the air in very minute amounts. 

st or uniform 


inertia (phys.) The tendency of a body to preserve its state of re: 


, motion in a straight line. Its mass is a measure of its inertia. 
inertial guidance A method of automatic control used in guided missiles that 
depends upon inertia. The velocities Or distances covered, computed from 
the acceleration measured within the missile, are compared with data stored 

h before launching. 

inertial mass The mass of a body as determined by its momentum (in accord- 
ance with the law of conservation of momentum ), as opposed to 'gravita- 
tional mass’, which is determined by the extent to which it responds to the 
ation of a falling body increases in proportion 
ortion to its inertial mass. 


force of gravity. The acceler i 
lo its gravitational mass and decreases in proP > its, 
ame constant acceleration it follows that 


Since all falling bodies have the s 
F the two types of mass must be equal. : 
inertial system A frame of reference in which bodies are not accelerated, i.e. 
remain at rest or move with constant velocity, unless acted upon by exter- 
nal forces. Newtonian mechanics is valid in such a system. ' 
infinitesimal A quantity smaller than any assignable quantity; the concept is 
obtained by imagining à quantity decreasing indefinitely without actually 


$ becoming zero. ? f 
infinity co. A quantity that is greater than any cae quan. > 
inflection A point on a curve at which the rangent to the curve c anges its 
direction of rotation. In the curve y = f(x), a point of inflection has the 
characteristic that d?y/dx? = 0 
information theory A branch of cybernetics 
of information required to control a process o 
noise, redundancy, equivocation, channel capacity. , Pept ein 
i iati tic radiation possessing wavereng: ween 
infrared radiation IR Electromagnett P SC oben 


tho isible light and radio waves, ie. from approxi 
d eee by the natural vibrations of atoms and molecules and 


i lecules. Infrared radiation has the power of 
D HG gar chaould scatter ordinary visible light; thus 


enetrati fog or haze, tte n lig 
Pd on a plate made sensitive to infrared radiation may 
often disclose detail invisible on an ordinary plate or to Ds pe S". 

i tial bodies whose principal emission IS try rared radiation. 

ARS ud to consist of stars surrounded by dust clouds. In some 
cases the /ight from the central star penetrates the dust so that it can be 
seen with optical telescopes. ^ o 

infrasonic Halon a frequency below the frequency of audible sound waves, i.e. 
a frequency of less than about 20 hertz. + 

infrasound Vibrations or pressure waves with a frequency below that of sound, 
ie. below about 20 hertz. 


that attempts to define the amount 
given complexity. See bit, 
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INFUSIBLE 


infusible Difficult to melt; having a very high melting point. 
infusorial earth See kieselguhr. 


injection moulding A process by which thermoplastic articles are moulded. The 


inhibitor A substance that Teduces the rate of a catalysed reaction. In bio- 
chemical reactions catalyzed by an enzyme, the inhibitor may bind onto the 
enzyme so blocking the substrate. 

inorganic (chem.) Of mineral origin; not belonging to the large class of 
organic carbon compounds. ! 

inorganic chemistry The Study of the elements and their compounds. Inoren 
chemistry usually includes the study of elemental carbon, its oxides, metal 
carbonates, and sulphides, while all other carbon compounds belong to the 
study of organic chemistry. 

inositol Hexahydroxycyclohexane. C¢H¢(OH),. An optically active white crys- 
talline solid, m.p. 228-248°C., thet occurs in the vitamin B complex and is 
essential component of anima] diets. It is used in medicine. 

insecticide A Substance used for killing insect pests, " 

insolation 1. Exposure to the rays of the Sun. 2. The electromagnetic energy 
from the Sun per unit area of the Earth's surface on which it falls. It is 

.. Measured in joules Per square metre, 

insoluble Not capable of forming a solution (in water, unless some other sol- 


vent is specified). It is a relative term, since most substances dissolve in 
water to some extent. 


conduction. 


insulator A non-conductor of electricity or heat. " 
insulin The hormone produced in the pancreas that controls sugar metabolism 
in the body. When injected, it lowers the blood sugar content and si 


relieves the Symptoms of diabetes mellitus. Insulin is one of the few pro- 
teins the detailed structure of which is known, 


Circuits consist of whole systems rather than single components, and are 
used in computers. They are also used in other industries (e.g. cars, radios, 
ete.) in which small reliable elzctronic control circuits are required. 
integration A mathematical process used in the calculus; the inverse process 
of differentiation. Tt Bives a method of finding the area enclosed by curves, 
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INTERMEDIATE VECTOR BOSON 

lving the summation of | 


and Š é 
of finding solutions to other problems invo 
is written 


infinitesimals. The integration of a function of a variable x, 
This i , k f(x )dx-- C 
dd e indefinite integral and C is the constan 
Deer Over which ag na is to take place is 
es a definite integral, written 
i 3 f(x)dx, 
f dix, i a has to be siete between x=a and x=b. See Appen- 
aoe (phot.) A substance used to increase the density or contrast of an 
a me Du a photographic film or plate. It is usually a compound from which 
intensi e.g. Silver, lead, uranium, etc.) can be deposited. 
inte’ electrical See electric field. 
intense? Lee See magnetic field strength. 
ume A of illumination See luminous intensity. 
mb denoting between, among. 
B tion Mutual action between bodi 
ges the word is often used to mean 
insi ee fundamental interactions. 7 
interface The surface that separates two chemical phases. 
interference of wave motions (phys) The addition or combination of waves: if 
the crest of one wave meets the trough of another of equal amplitude, the 
tion of one crest 


Wave is destroyed at that point; conversely, the superposi 
eased effect (see also Huygens’ principle of 


upon another leads to an incr n 
superposition). The colour effects of thin films are due to interference of 
light waves; beats produced by f similar frequency are the result 
of the interference of sound waves. ides evidence for the 

_ Wave theory of light. 

interferometer Any instrument that divides a beam of i 
beams and re-unites them to produce interference. Uses include the accu- 
Tate determination of wavelengths of light, the testing of prisms and lenses, 
the examination of the hyperfine structure of spectrum lines, measurement of 
the diameters of stars and the determination of the number of light waves 

_ Of a certain wavelength in the standard metre. See also radio interferometer. 

interferon A number of proteins produced in many animals cells as the result 
of the presence of viruses (either active Or inactive) in the cell; it acts as a 

d form of protection against these viruses. ps y 

intergalactic space The space between galaxies, in which intergalactic matter 
may occur. 

in an intermediate step in the manu- 


t of integration. If the 


specified, the integral 


ticles or systems. In nuclear 


es, par! t n a 
the force between interacting parti- 


two notes O! e 
Interference provi 


light into a number of 


d used 
al product by chemical synthesis. 

ivers, the carrier wave fre- 

quency of the incoming rai a fixed intermediate fre- 

quency by heterodyne action, 

intermediate neutrons Neutrons wit 


epithermal and fast neutrons, ie. between 
intermediate vector boson W-particle. The virtual particle that has been postu- 


lated as the particle exchanged in weak interactions. 
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z : Id 
ound in which two or more metals are he 
They occur in some alloys. 


ne An engine in which energy supplied by a bo. 
ormed into mechanical energy by the controlled cor 


` $ 4 2 he 
process in which an excited nucleus decays d 2 
ground state, the energy released being used to eject a conversion eleci 


o iro it a 
the atom. The excited ion so formed may emit 
er electron (see Auger effect ). 


its terminals, and I the current supplied. "n 
internal Standard line In Spectrographic analysis an internal standard ea 3 
line within the fine Spectrum of the material being analysed, due 


| : sO 
F known amount of an element present in, or added to, the material. See al 
P homologous pair. 

i 


internal stress The Stress within a solid material, e.g. metal, glass, etc., aS E 
Tesult of heat treatment, cold working, or non-uniform molecular structure. 
international candle The former unit of luminous intensity. A point S s 
emitting light niformly in all directions at one-tenth of the rate of ow 
arcourt pentane lamp burning under specified conditions. It has n 
been replaced by the candela, 


international date line An imaginary line on the surface of the Earth joining 


1 the North and South poles, approximately following the 180* vue 
i through the Pacific Ocean. This line is used to mark the tens 
- agreed start of a calendar day. Crossing from east to west a travel SE 
<a changes the day to the next day, and crossing it from west to east goes O! 
j day back. 


ter is based on Planck's Law of Radiation. The scale is expected to be 
refined in the late 19805. 


interplanetary Space The space between the planets within the solar system. 


interpolation The process of filling in intermediate values or terms of a series 
> between known values or terms. + 
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INVERSION OF CANE-SUGAR 


—á T/K. (UC. 
A point o! equilibrium hydrogen 13.81 —259.34 
mperature of equilibrium hydrogen when 
its vapour pressure is 25/76 standard 

S atmosphere. 17.042 —256.108 
en of equilibrium hydrogen 2028  —25287 
id of neon 27.102  —246.048 
Tapie point of oxygen 54.361 —218.789 

-P. of oxygen 90.188 —182.962 
Triple point of water 273.16 0.01 
B.p. of water 373.15 100 
F.p. of zinc 692.73 419.58 
F.p. of silver 1235.08 961.93 

1337.58 1064.43 


F.p. of gold 

interrupted continuous waves ICW. A continuous wave electromagnetic radiation 

h switched on and off at an audio-frequency- 

interstellar matter Clouds of hydrogen atoms Or molecules, mixed with a small 
Proportion of dust, that exist between stars- The density of these clouds is 
very low, ranging between some 07 and 10? atoms m-? (compared to 

1 about 1025 molecules m~? for a perfect gas for S.T. P.). 

interstellar space The space between stars within a galaxy, in which interstellar 

_ Matter may occur. 

interstitial An additional atom or ion situated. between the normal sites in a 

, crystal lattice, causing 4 defect. 

interstitial compound Sce compound, interstitial. 

intra- Prefix denoting within; &.£ intra-molecular forces are forces within the 

, molecule, while inrer-molecular forces are forces between molecules. 

intrinsic semiconductor See extrinsic 

inulin (Cg H1005)6-H20.- A soluble polysaccharide consisting of fructose units; 
it occurs in many plants as à stored food. 

Invar* An alloy containing 63.8% ir 
very low coefficient of expansion. 
and in other accurate instruments, W! 
temperature changes. 

inverse square law The intensity of 


J, 0.2% carbon that has a 
balance wheels of watches 
se be affected by 


on, 36% nickel 
It is used for 3 
hich would otherwi 


an effect at a point B due to a source at 


A ‘varies inversely as the square of the distance AB. Examples include the 
face, gravitational field, field due to an electric charge, 


etc, Thus, the illumination ofas from a source will be 
9 times as great as t face 3 metres away- 

inverse trigonometrical functions If y = si 
the inverse trigonometrical function of x 18 $ 
sin~!y is the angle whose sine is y- Similar inverse 


other trigonometrical and hyperbolic ratios. — b 
inverse variation One i d to vary inversely as another, or to be 


quantity is sai c 
inversely proportional if the product of the two Is a constant. 


] to another, 
inversion layer See field-effect transistor. 
inversion of cane-sugar The conve 


vometrical ratios ), then 
; (or arc sin y ), where 
functions exist for the 


rsion of cane-sugar (sucrose, Ci53H55044) 


207 


INVERSION TEMPERATURE 


ts of glucose and fructose, two isomeric Sum 
20g. The action is one o 
n of the enzyme invertase, Or 
lting mixture is laevorotatory, while a 
» inversion of the optical rotation 


by the inversion of 
in vitro Denotin, 


INVOLUTE OF A CIRCLE 
Figure 22, 


involute The curve formed when a piece of string 
9n to, another curve (the evolute). See Fig. 22. 
lodate A sa]; Of iodic acid. 


i he 
iodic acid HIO,. A colourless or yellow soluble powder formed by t 
sanis of idie with nitric acid, or hydrogen peroxide. It is a powerful 
oxidizing agent. M 
iodic(VIT) acid Periodic acid. Hsl0g. A white 
s the electrolytic oxidation of iodic(V) eos r ren 
iodi i d with iodine; salt of Ay. i HI. 
id z id taal 126.90, At. No. 53. A blackish-grey crystalline solid, 
rv 495, my P. 114°C., bp. 184°C. It is very volatile giving off a violet 


vapour; alcohol 


is unwound from, or wound 


ygroscopic solid made from 


iedine is slightly soluble in water but readily E in 
< (giving “tincture of iodine’) and in potassium iodide solution, KI, Go 


À 5 "pounds 
occur in seaweed; sodium iodate, NaIO;, occurs in crude oe saltpetre. Tt 
is essential to the functioning of the thyroid gland; lack of iodine in the 
diet is a 


cause of goitre, It is used in medicine, chemical analysis, and 
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IONIZATION POTENTIAL 


Photography. = 
treatme E ET rs radioisotope iodine-131 (half-life 8.6 days) is used in the 
iodine numbe HaENOSIS of disorders of the thyroid gland. 
unsaturation bises value. Hübl number. A measure of the degree of 
it is expressed ontent of double bonds) of a product, such as an oil or fat; 
iodoform Tri i in grams of iodine absorbed by 100 g of the given substance. 
odour, m a nehire CHI,. A yellow crystalline solid with a peculiar 
.p. 119°C. It is used as an antiseptic. l 
sitively charged ions ) 


ion An electri 
aut lly charged atom or group of atoms. Po: 
electrical] e fewer electrons than is necessary for the atom or group to be 
vios oi eas negative ions (anions) have more. Thus, the proton, the 
alpha-partic], m without its circumnuclear electron, is a Aydrogen ion; the 
electric sp, s is a helium ion. Gaseous ions can be produced in gases by 
rays, UES the passage of energetic charged particles, X-rays, gamma- t 
ue to the pd ee adiation, etc. (see ionizing radiation ). Tons in solution are Y 
ion engine nization of the dissolved substance. 
the exha ea of reaction propulsion engine for propelling rockets in space, 
à high vel Jet of which consists of a stream of positive ions accelerated to 
to enable ro by an electric field. A beam of electrons must also be ejected i 
charged recombination to occur and tO avoid the engine becoming 
lon 
exchange Certain substances have the power of acting on solutions con- 
the ions by 


taining ; 
ng ions, such as solution of salts, and replacing some of 
“base exchange’) action, when hard 


Others: 4 
ane in a typical cation exchange ( ; e 
calcium „passed through a suitable ion exchange resin ora zeolite, the j 
ions in the water are replaced by sodium ions. In anion exchange 4 
ed similarly. Ion exchange has many b 


acid e 

ea or anions are exchang 
ionic bo ant industrial uses including Wa 
i nd An electrovalent bond. See valence. 


loni 
Mg Crystal See electrovalent crystal. 
n Strength A measure of the charge of the ions in a solution of an electro- i 
e. It is defined as the sum of the molality of each ion multiplied by the : 


Pee of its charge. 
oss The formation of ions. 
co tion chamber A device for measuring the amount of ionizing radiation. It 
Dsists of a gas-filled chamber containing two electrodes (one of which 
which a potential difference is main- 
the chamber and an instrument con- : 
he ionization current produced as the 


ter softening and desalination. 


(En petic chamber wall) between 
nected e radiation ionizes gas 1n 
iene a to one electrode measures t 2 
ist: re driven to the appropriate electrode by the electric field. 
end current The electric current produced by the movement of ions or 
ioni rons in an electric field as a result of ionizing radiation. 
ERAS potential Ionization energy. J. The work that must be done, mea- 
Beir = electron-volts, to remove an electron from an atom. (See atom, 
elect re of) It was formerly defined as the potential through which an 
ron would need to fall to cause an atom to become ionized, hence the 


Hace name. More work is req to remove the second electron 
atom and each subsequent electron requires additional work. Table 
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IONIZING RADIATION 


7 in the Appendix gives the first five ionization potentials for the common- 
est atoms, 


by a narrow beam of ions an 
detected by a mass 


lonol* BHT, butylated hydroxytoluene, 2,6-Di-tert-butyl-4-methylphenol. A 
white crystalline substance, m.p. 70°C., used as an antioxidant. 


linked (see cross-linkage ) through e 
5 in their macromolecules. Although they have the u 


i: ic 
» they can be Processed like thermoplast 
resins. 


ionone Ci3H;50. A yellow 


optically active soluble liquid ketone, b-p- 
140—146?C,, used in 


perfumes. 


its property of reflecting electromagnetic qadam 
wave ); but it is an obstacle to radio Cai E 
portion of the radiation that arrives Brea 
ionosphere is usually divided into t (s 
Tegions: the D-region between 50 and 90 kilometres above the Earth, F- 
E-region (the Heaviside-Kennelly layer) between 90 and 150 km, and the oS- 
region (the Appleton layer) above 150 km. See Fig. 44 under upper atm 


Now possible to Study the electron density of the different regions of the 
ionosphere from the top side, 


ionospheric wave See sky wave. 


Pascal to be obtained, However, the metal surface soon Dees 
Saturated, which limits its effectiveness. In the sputter-ion pump, 
metal surface is continuously created by sputtering. m " 

iridium Ir. Element. Ram. 1922. At. No. 77. A rare metal peice. 
occurring together with, Platinum, r.d. 22.42, m.p. 2410°C., (EA and 
is extremely hard and resistant to chemical action. Alloys ol CAEN E 
iridium are used for fountain-pen nib-tips, crucibles for fine ana $ 
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and numerous other purposes where extreme hardness and a high melting 
_ Point are required. 
aoe The coloured part of the eye of vertebrates. 2. A diaphragm forming 
5 adjustable opening over a lens in an optical instrument. — . 

n Fe. (Ferrum) Element. R.a.m. 55.847. At. No. 26. A white magnetic 
metal, rd. 7.86, m.p. 1535*C,, b.p. 2750°C. Physical properties are greatly : 
Ced by the presence of small amounts of other metals and of carbon. `: 
j,QCCUrS as magnetite, Fe3O4; haematite, Fe;03; siderite, FeCO3; limonite, 
iydrated Fe,O3: and as pyrites in combination with sulphur. It exists in 

ee crystalline forms (see alpha-iron; gamma-iron; delta-iron ). Iron is 
extracted from its ores by the blast furnace process. According to the s 
method and conditions of working and cooling, the carbon in iron and 
Steel may be present in various forms, upon which the particular properties 3 
ot the metal depend. Compounds of iron are essential to the higher forms € 
of life, See pig iron, cast iron, wrought iron. 


IRRITABILITY 


nd alum See ferric alum. / 1 ; 3 
ron (II) chloride Ferrous chloride. FeCl;- A greenish deliquescent solid, m.p. ^ 
, 670*C.. Which forms the hydrates FeCl;.2H50 and FeCl;.4H;0. : 3 
onI) chloride Ferric chloride. FeCl;.6H20. A brown-yellow deliquescent 
. Crystalline salt, m.p. 306*C. It is used as a mordant and in medicine. * (v 
iron(I) oxide Ferrous oxide. Fe0. A black solid, m.p. 369*C., that is readily Y 
Soluble in dilute acids. It is a non-stoichiometric compound with a simple y 
d structure that is deficient in iron ions. A mixture of iron(II) and iron 3 
: ) oxides form re magnetite, Fe3Os- i 
lron(III) oxide sain Feo; A red-brown insoluble substance that i 
Occurs naturally as haematite, m.p- 1565°C. It is used as à mordant and a A 
, 


, Pigment. 


iron pyrites Sec pyri 
i T pyrites. a. so, 1H o i 
iron(II) sulphat, sulphate, green vitriol, copperas. FeSO,.7H;O 
pale EE me And 64°C., made by dissolving scrap iron in dilute 
_ Sulphuric acid. It is used in dyeing and tanning. f 
iron(II) sulphate Ferric sulphate. Fez (S04)3- A yellow hygroscopic compouns 
. Obtained by heating acidified iron(1/) sulphate with hydrogen pene e 
irradiance E. The radiant flux striking unit area of surface. Measured in 


T 72. it refers to all forms of electromagnetic radiation, whereas illuminance 
refers only to light. 


irradiation Ex jatii 
posure to radiation O! 1 
by irradiation of stable isotopes with neutrons in a mee eee pena 
irradiation can alter the physical one Em Pong o the sensitivity of 
nal doses may be used for sterilization or food owing 
iological cells to irradiation by ionizing ra fiation. , 
irreversible process Any process, except one that is a completely reversible 
Process. z ^ 
irreversible reaction A chemical reaction that proceeds to CORREA the i 
resulting products do not react to form the original substances. chemi- 
cal equilibrium. 9 
irritability The property of living organisms that en: 
external stimuli. 


f any kind. Artificial radioisotopes are made F 


ables them to respond to 
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ISATIN 


isatin CgHsNO,. An Orange soluble c. 
used in the manufacture of dyes. 

isenthalpic Of equal enthalpy. 

isentropic Of equal entropy. 

isinglass A Product cont; 


tystalline substance, m.p. 203-5'C., 


aining about 90% gelatin, made from the swimming 
bladders of fish. It is used for clarifying alcoholic beverages. iia 
iso- 1. Prefix denoting equal. 2. (chem.). Prefix denoting an isomer wit 
branched chain. 


isobar 1. A line connecting points havin 
of two or more isotopes of different elem 
ical mass numbers. E, 


indium isotope, ! ^ 


t 
have the same number of nucleons, bu 


isochromatic film 


See orthochromatic film. 
isocline A line co 


nnecting points of e 


isomerism 1. The existence of two or more chemical compounds with ES 
molecular formula but haviag different Properties owing to a different 
arrangement of atoms Within the molecule. E.g. vae Mb] 
NH4CNO, and urea CO(NH3), are isomers. See also stereoisom $ 
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ISOTOPES, SEPARATION OF 


trans i; 
I5 isomerism; optical i. 
; optical isomerism; tautomerism. 2. In nuclear physics, nuclei 
ber, but which exist 


paving tj B 

in naue atomic number and the same mass numi 
ground state Mm states, are said to be isomeric. Eg. a nucleus in its 
isomers See iso E nucleus in a metastable excited state are isomers. 
isometric ite merism. 
Tight ccu eferring to a system of crystallization in which the axes are at 
to each other. 2. A method of projecting a drawing (isometric 


| Projection) i x 
the ur which the three axes are equally inclined to the surface of 
, and all lines are drawn to scale. 3. A line on à graph (isomet- 
when the volume is 


Ne line) 5 
sh d 

. kept E uU change of temperature with pressure, 

orphism Sj TT Ey 

T or eu mi or identity of crystalline form, usually indicating simi- 
ane ASPEN chemical composition; e.g the alums are isomorphous. 

, lane AL ee (CH, )3 CCH CH(CH3)2- The isomer of 

Ìsophthalie aci in defining octane numbers. 
mer of phie Benzene-1,2-dicarboxylic acid. C, H4 (COOH): 

„resins and aa, m.p. 345-7°C., used in the manufactui 
Prene 2. lasticizers. 
bi. 34-a Sthylbuta-1,3-diene. CH;:CH.C(CHs):CHo- 
iS used in Natural rubber consists mainly of a polym 
Sceles m making synthetic rubbers. See polymerization. 

isospin s angle A triangle having two of its sides equal. 

SOSteris, Ce isotopic spin. ; 
number The phenomenon of substances having molecules with the same 
similarit 3 f electrons; this leads to 
Oxide, s or physical properties. and nitrous 

SOtacti S 

Sotherm, polymer See atactic polymer. 

A 1. Isothermal line. A line connecting points at an equal temperature. 

Stant relationship (graphical or mathematical) between two variables at con- 

isothe, temperature. 

Ten change Isothermal p 

eu) that takes place at constant 
oui en dra gaies adlata 

numb Nuclides containing the same number of neutrons bu 

Sotoni er of protons. 
sme pation Solutions having the same 

isotope rolar concentration. 
differ Atoms of the same element (i.e. having the same atomic number ) that 
Properti mass number. The isotopes of an element are identical in chemical 
mass ae and in all physical properties except those determined by the 
number: the atom. The different isotopes of an element contain different 
miktar E: neutrons in their nuclei. Nearly all elements found in nature are 

isotopes, of several isotopes. See atom, structure of- je 
properties b tion of As the isotopes of an element have identical chemical 
depends u at some slightly different physical properties, their separation 
sion (either vcl operations. The following methods are used: diffu- 
ous or thermal ); distillation; centrifuging of gases or liquids; 
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The meta-iso- 
re of synthetic 


A colourless liquid, 
er of isoprene and it 


rocess. A change or process (e.g. an isothermal 
the isothermal 


temperature. Eg. 
t a different 


osmotic pressure. being of the 


ISOTOPIC NUMBER 


i ; ioni ility of 
trolysis (depending upon different rates of discharge or ionic vob ud Hs 
Olopic ions); electromagnetic Or electrostatic methods (depen EI 

ratios between isotopic ions and their coi 


T -adio 
magnetic field or an electric field varied at ri 
frequencies ). Lasers havi 


E h ich can 
€ also been used to excite one isotope, whic! 
then be Separated clectromagnetically 


elec: 
is 


= % and its two 
then described as differe; 


Rens z m 10 
» It is used in analogy to angular momen To 

Which the Concept of isotopic spin bears a close formal resemblance. 

i i nuclear interactions. 


throughout, in all directions. "C 
9f the corresponding -ous acid; 


" ing 
orm of carbon obtained from animal charcoal, by dissolvi 


hlo- 
S calcium phosphate, by means of hydroci 
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er A coloured impure form of natural silica, SiO}. } 
K eae Eau de Javelle. A solution containing potassium hypochlorite, 
Dom made by the action of chlorine on a cold solution of potassium 
Teu iride KOH. It is used for bleaching and as a disinfectant. 
ja Very hard lustrous form of natural carbon, allied to coal. — ; 
aM A gas turbine that produces a stream of hot gas enabling an air- 
the Au be propelled through the air by reaction propulsion. Air taken in at 
ront of the engine is compressed by a radial compressor. The com- 
Md air then enters the combustion chambers providing the oxidant for 
the combustion of the liquid fuel. The energy released expands the gas and 
accelerates it rearwards, some of the energy of the gas being used to drive 
a turbine, which in turn operates the compressor. After leaving the turbine 
the gas passes to the rear jet nozzle producing forward thrust by reaction 
5 9n the structure of the jet tube. 
pp Pison effects Effects that occur when two superconductors (see supercon- 
l0 D) are separated by à thin insulated layer, such as an oxide film 
S Ond m thick. At normal femperatures a small current can flow between the 
ike luctors as a result of the tunnel effect. At superconducting temperatures, 
Ci insulating barrier can have zero resistance, but if the current exceeds à 
Pine value this superconductivity disappears. Moreover, if a magnetic 
valu is applied to the junction when the current is less than the critical 
Value, the current will depend on the strength of the field; as the field f 
increases, the current increases to a maximum, decreases to Zero, and then 
increases again, and so on. Above a critical value for the field this phe- i 
nomenon ceases. If a potential difference is applied across the junction, a l 
high-frequency alternating current flows through it, the frequency of which 
is related to the potential difference. 
The Josephson junction has proved 
a logic component and special purpose switch. N 
_ Son (born 1940). 
Jet propulsion See reaction propulsion. 
joule The derived SJ unit of work or energy. 
of application of a force of one newton is displaced through a distance of 1 
metre in the direction of the force. The joule is also the work done per 
second by a current of 1 ampere flowing through a resistance of 1 ohm. 
Symbol J. 1 joule = 107 ergs. Named after James Prescott Joule (1818-89). 


Joule's equivalent See mechanical equivalent of heat. 

Joule's laws 1. The internal energy of a gas at constant temperature is inde- 
pendent of its volume. Joule's law is obeyed strictly only by a perfect gas, 
real gases Show deviations from it. 2. The heat produced by an elečirie 

current I, passing through a conductor of resistance R, for a time 1, is equal 

to (Rt. VM I is in amperes, R in ohms, and t in seconds, the heat Eel 


will be in joules. 


useful as a research tool and also as 
amed after B. D. Joseph- 


The work done when the point 
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hen a gas expands through a por- 
» Proportional to the pressure dif- 
change is due partly to a depar- 
performing internal work in over- 
cules and thus cooling itself; and 
le's law. The latter effect can give 
ding upon the initial temperature 
mean pressure, the temperature at 
in no alteration of temperature, 1S 


William Thomson (Lord Kelvin) 
(1824— 1907). 


JUGFET See field-effect transistor. 

junction detector A. detector of 
tor junction. It produces a cu 
falling on the depletion regi 
They usually consist of gol 
Space research. 


junction rectifier A rectifier based upon a Semiconductor junction. 


junction transistor A transistor having a base electrode and two or more elec- 
trodes connected to Semiconductor junctions. 

Jupiter (astr.) A planet, 
those of Mars and Saturn. It is the lar, 
kilometres. Mean distance fi 


ionizing radiation making use of a semiconduc- 
Trent pulse, which is proportional to the energy 
on of the junction, when it is reverse biased. 
d-silicon devices and are used in medicine and 
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ate and potassium chloride, 


kainite A double salt of magnesi 
gnesium —sulph 
146504 KCL.3H; 0, that occurs naturally in 
m posits. It is a valuable source of potassium salts. 
ie tum See potassium. 
aa See china clay. 
a A K-meson. See elementary particles, meson. 
hie A prefix denoting the-nucleus of a cell or its contents; eg. ‘karyotype’, 
M € sum of the morphological characteristics of the chromosomes of a cell. 
eter A device for measuring thermal conductivity, uae Se 
ies ector in gas chromatography. 
pau of magnets Short bars of so! 
Ies Us rom losing their magnetism. - 
F forumula The graphic representation of benzene first suggested by 
ki . A. Kekulé von Stradonitz (1829-96). Sce benzene mag, 
elp Sea-weed or its ash, used as a source of iodine. 


kelvin The S7 unit of thermodynamic temperature defined as the fraction M 
273.16 of thermodynamic temperature of the triple point of water, 1e. the 
triple point of water contains exactly 273.16 kelvins. The units of kelvin 

and celsius (centigrade ) temperature interval are identical. A temperature 
expressed in degrees celsius is equal to the temperature in kelvins less J 
273.15°C. This is true both for thermodynamic temperatures and on the 
International. Practical. Temperature Scale. Symbol K. Named after Lord 

^ Kelvin (1824-1907). 
elvin effect See Thomson effect. 

Kelvin temperature Temperature expressed in Kelvins. The same as the thermo- 
dynamic temperature. Symbol K- EO d 

Kepler's laws 1. The planets move about the Sun ti ellipses, at one focus of 
which the Sun is situated. 2. The radius vector joining each planet with the 
Sun describes equal areas in equal times. 3. The ratio of the square of the 

planet’s year to the cube of the planet's mean distance from the Sun is the 


same for all planets. Named after Johannes Kepler (1571-1630). 
t of wool, hair, horns, and 


keratin A protein forming the principal const 
hoofs. | 
kerogen See oil shale. 
kerosine Kerosene. See paraffin oil. i igui 
Kerr cell A transparent cell (based on the Kerr effect) filled with a liquid, 
such as nitrobenzene, which contains two electrodes placed between two 
polatizing mediat Lichi cau'only: pass through the cell if the *wo planes of 
ffect occurs in time intervals as short 


polarization are parallel. As the Kerr €! 
as 10~® second, the cell may be used as à high-speed shutter, and also as a 


means of modulating a | 
laser beam. 
Kerr effect When plane-polarized light is reflected fro 


217 


Poland and in the Stassfurt 


[t iron used to prevent permanent mag- 


m a highly polished pole 


KETAL 


Of an electromagnet the light becomes elliptically polarized. Similarly, if a 


beam of light is Passed through certain transparent liquids or solids to 


ketal An organic compound formed from a k 
general formula RR'C(OR"YOR"^ 
ketene CH;:C:CO, A 


etone and an alcohol; it has the 


carbonyl group. Thus Propanone (acetoni : 
molecules (CH3.CO.CH,, the keto-form) a small proportion of molecules 
faving the structure of an unsaturated alcohol (CH) :COH.CH;, the enol- 
form). S-i 
ketones A series of organic compounds having the general formula RR'C:O, 
Where R and R' are univalent hydrocarbon radicals. E.g. propanone (acetone), 
(CH3), CO. 


ketose A monosaccharide that contains a ketone group. 
kicksorter See pulse height analyser. 


kieselguhr Diatomaceous earth, infusorial earth. A mass of hydrated silica 

(SiO;) formed from skeletons of minute plants known as diatoms. It is a 
aterial, used for filtering and absorbing vari- 
€ of dynamite and in other industries, 4 
of zinc chloride, ZnCl,, made by reacting zinc 
sed in soldering. 

d in the metric System. Symbol k. ‘ A 

kilogram Kilogramme. 1000 grams. The SI Unit of mass. defined inferne af 

the international prototype in the custody of the Bureau International des 
P 


‘oids et Mesures at Sévres near Paris, It is equal to 2.204 62 Ibs. Symbol 
kg. 


Kilohertz kHz. 1000 hertz. A measure of frequency equal to 1000 cycles per 
second. 
Kilometre 1000 m, 


etres. Equal to 1094 yards or 0.6214 mile. i 

kiloton bomb A nuclear weapon with an explosive power equivalent to one 
thousand tons of T.N.T. (approximately 4 x 10!? joules ) 

kilowatt kW. A unit of power equal to 1000 watts. 

kilowatt-hour kWhr. Board of Trade unit. A practical unit of work. The work 
done when a rate of work of 1000 warts is maintained for | hour. 

kinematic equations Sec motion, equations of. — 

emi rie branch of ys concerned with the RO AM of 
Motion without reference to mass or force. Kinematics deals TA M 
from the standpoint of measerement and OU eon wl n- 
ics j i laws ol : ^ 

hinematle ven, ae, “The ‘ratio of the coefficient of viscosity to the 
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TAE TT SP T I. 


— 


density 3 : 
Stokes, om fluid. Measured in square metres per Se 
kinetic ener, P ing = 10-5 m/s. 
netic ey he Mum a body possesses by virtue of its motion. The 
Speed v, is Ymy? a rigid body of constant mass m, moving with a constant 
In metres per . The energy will be in joules if m is in Kilograms and v is 
of rotation SS (in c.g.s. units it will be in ergs). The kinetic energy 
Whose angula a body whose moment of inertia about an axis is I, and 
in joules ir velocity about this axis is &, is Y¥Jw?. Again the energy will 
i s if J is in kg m? and w is in radians per second (in c.g.5. units 


eri be in ergs) 
etics The k 
study of the rates at which chemical reactions proceed. 
planation of the behaviour of gases 
ceaseless motion in 


€ ass! i 3 D 
umption that gases consist of molecules in 

les depending upon the temperature 

dered to be elastic 


e consi 
th the walls of the containing 


xerted by a gas on the walls of 
the molecules with it. Thus the pres- 
ained in a vessel of volume V is 


is the Avogadro number, m js the mass 
olecules. The gas 


KIPPS APPARATUS. ~ 


cond (SI units) or 


laws ma 

i ecd be shown to be in full agree 

ren In a thermonuclear reaction € 

Plasma, ms confined plasma resulting from à 

Self-indi he kink tends to grow because the magn 
uced confining field are crowded on the concave 


xperimen 
local deformation of the 


etic lines of forces of the 
side of the kink. d 


KIE APATA à Figure 23. LT 
of ansieae thal device used in laboratories for the production of a supply 
VERIOR Tbe ay be evolved by the action of a liquid on a solid without 
a eean dae OEIL xiustraled in E1224 OPERINE the tap T 
to reach the solid in B. A reaction occurs and gas is 
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KIRCHHOFFS LAWS 


knocking Violent ex, 


Knot A unit of speed equal to 1 nautical mile per hour. (Approximately 1.15 


Kohlrausch’s law When ionization is complete, 


Kovar* An alloy of cobalt, ir 


—81). 
Krebs cycle Sce citric acid cycle. Named after Hans Adolf Krebs (1900-8 ) 


iw” - 


acid solution, and measuring the excess acid by titration. Named after 
Johan Kjeldahl (1849— 1900), 


i ` . en- 
resonant cavities in which the electrons, from an electron gun, are conc 
trated into ‘bunches’. 


Over-compression of the mixture of 


> Se ich an 
- “ne term is also used in relation to collisions as a result of yeh 
electron is knocked out of its atomic orbit by some other particle. 


; i H lli- 
‘knock-on’ particle is the particle set in motion as the result of the col | 
sion. 


Statute miles per hour.) 


the conductivity of an electrolyte 


is equal to the tum of the conductivities of the ions into which the sub- 
Stance dissociates, 


» Iron, and nickel, which has an expansivity similar 


3 T 
to that of glass. It is used for glass-to-metal seals, particularly in thermioni 
valves and transistors, 


= ans i i from their ores 
Kroll process A. Process for extracting titanium or zirconium Ed 
by producing the tetrachloride of the metal and reducing it under ced 
Pressure or by reacting it with magnesium. electri 
Kryptol* A mixture of graphite, carborundum, and clay, used as an a 
resistance in electric furnaces. 
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Bi i x , 
WV TUR 
“ypton Kr. Element. R.a.m. 83.80. At No. 36. An inert gas, which occurs m 
Pan mosphere (1 part in 670 000); b.p. -152.3°C. It is used in some lasers. 
fae A device used to measure the speed of sound. It consists of a 
Spri Blass tube with a sound source at one end and a light powder 
Prinkled along its length. The gas column is adjusted by means of a 
Piston so that it is exactly an integral number of half wave y 
eol resulting standing waves cause the powder to form rings at the nodes, 
bling the distance between nodes to be measured. Named after August 
undt (1839-94), 


Upfer-nickel Natural nickel arsenide, NiAs. An important ore of nickel. 


bI 


221 


LABELLED COMPOUND 


radioactive tracin ; tritiated compound. 
ge or displacement; unstable. 


A B " " i e 
rganic ring compounds in which -NH-CO- appears m Hs 
Called a lactim, also occurs. Lactams 


NH; group and a -COOH group in the 
Same molecule, 


lactase An enzyme that cat 
Present in the digestive j 


lactate 1. A salt or ester of lactic acid. 2. To produce milk. 


lactic acid 2-hydroxypropanoic acid. CH4CH(OH)COOH. A colourless E 
talline organic acid, occurring in three Stereoisomeric forms (see stereoiso F 
erism), m.p. 18°C. di-lactic acid, a mixture of equal amounts of (exar 
tatory ) d-acid and (laevorotatory ) l-acid, is formed by the action RACE 
bacteria on the lactose of milk during souring. The d-form, sarcolactic acid, 


occurs in muscle tissue. The optically inactive dl-form is used in dyeing 
and tanning, 


lactones A Broup of organic ring compounds in which -CO-O- appears E 
ring. They are formed by the combination of an -OH group and a -C 
Broup in the same molecule. 

lactoprotein Any of the proteins present in milk. 


lactose Milk sugar. Ci2H550,,. A hard gritty crystalline soluble bach 
m.p. 203°C., less sweet than cane-sugar, that occurs in the milk o! m 
mammals, Hydrolysis gives a mixture of glucose and galactose. In the ngon 
of certain bacteria on milk (‘lactic acid fermentation’) lactose is converte 
into /actic acid. s 

laevorotatory Rotating or deviating the plane of vibration of polarized light A 
the left (observer looking against the oncoming light). See optical activity. 

laevulose Fructose, fruit sugar. C6 Hy20¢. See fructose. j i, 

lake In dyeing, a coloured insoluble substance formed by the chemical combi- 
nation of a soluble dye with a mordant. 2 

Lamarckisr) The theory of evolution proposed ELM frm 
(1744—1829) in 1809, which postulated the inheritance a ide a ics 
acquired during the lifetime of an organism. The theory ATOE with fre 
tance today, but enjoyed a revival in Soviet genetics in the e 
backing of T. D, Lysenko (1898—1976). 
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: 4 is 
alyses the conversion of lactose into glucose. It 
uices of mammals. 


LARMOR PRECESSION 


lam d 
a particle An elementary particle, classified as a hyperon, that has no 
Be and is 2183 times heavier than an electron. 
C ELE AÀ. The temperature below which helium becomes superfluid. X = 


l 
ES former unit of luminance. The luminance of a uniform diffuser of 
metre x emits one /umen per sq cm. 1 lambert = 3180 candela per square 
m amed after J. H. Lambert (1728-77). i 
light law of illumination The illuminance of a surface upon which the 
st alls normally from a point source is inversely proportional to the 
QUare of the distance between the surface and the source. If the normal to 
illum face Makes an angle @ with the direction of the rays, then the 
mb "ance is proportional to cos 6. | À 
yd, Shift A small difference in the energy levels 7S2 and “P12 of the 
TOgen spectrum resulting from the quantization of the interaction 
sd the atomic electron and the electromagnetic field. Named after W. 
lamin, ne, (born 1913). 
ET ina A thin sheet. 
jm flow The flow of a /fuid that closely follows t 
ami Surface without turbulence. 
inated iron Thin sheets of iron (or, more frequently stalloy* ) used for 
he sheets are varnished 


Es of transformers instead of solid iron cores. TI 
edge’ a high resistance between them, in order to reduce losses due to 
dy currents. 

amp-black Soot; an allotropic form of powdered carbon. It is used as a pig- 
ent, and filler. 

pot A wax-like material obtained from wool-grease and containing choles- 
eal C27H45 0H, and other complex organic substances. It is readily 

ai absorbed by the skin and is used in ointments and cosmetics. 
nthanides Lanthanons, lanthanoids, rare earths. A group of rare metallic 
elements with atomic numbers from 57 to 71 inclusive. The properties of 
these merals are all very similar and resemble those of aluminium. The 
Clements occur in monazite and other rare minerals. See Appendix, Table 8. 

lanthanum La, Element. Ram. 138.91. At. No. 57. A silvery metal, r.d. 6.2, 
m.p. 920°C., b.p. 3464°C., used in pyrophoric alloys and as à catalyst in oil 


he shape of a stream- 


l cracking. ; 
Apis lazuli Sodium aluminium silicate containing sulphur. A rare mineral of 

beautiful blue colour. i 
erator that gives the sum 


Place operator Laplacian. V?. The differential op 
Of the partial derivatives of second order with resp: 
Yiu = B2u/dx? + d2u/ay? + d2u/dz> = 0 7 : 
This equation is known as the ‘Laplace equation’. Named after Pierre Simon 
Laplace (1749—1827). 
large calorie Kilogram-calorie, Calorie. 1000 calories. 
Larmor precession The orbital motion of the electrons about the nucleus of an 
atom usually gives the atom a resultant angular momentum and a magnetic 
moment. These tWO properties cause the atom to precess (see precessional 
motion) about the direction of any applied magnetic field. This is Larmor 
precession; the frequency of this precession, known as the Larmor fre- 
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ect to each variable, i.e. 


LASER 


quency, is equal to eH/4gmy, where e and m are the electronic charge m 
mass, H is the magnetic field strength, and v is the velocity of the elect 
Named after Sir Joseph Larmor (1857— 1942), a 
i timulated Emission of Radiation. An op 
powerful, highly directional, monre H 2 

Works on essentially the same principle f 
the maser, except that the ‘active medium’ in the simplest type consists ko 
or is contained in, an Optically transparent cylinder with a reflecting S d 
face at one end and a partially reflecting surface at the other. The stim 
lated waves make Tepeated p; 


them emerging as light through the Partially reflecting end. In the ruby 
laser, the chromium atoms of a cylindrical s| 
Pumped to an excited State it 


(helium and neon) to produce 
Consists of a cube of specially t 


latent heat L, The quantity of hear 
transformation of phi 
required to convert uni 


; n 
produced by a plane mirror. It is seen whe! 
page is observed in a mirror. é i 
t of a celestial body's velocity perpendicular tO 


i i i i tor, joining 
latitude, lines of Parallels of latitude. Circles parallel to the equa 
points of equal /atitude; the equator itself is latitude 0°, while the poles are 


lattice 1. The Tegular network of fixed points about which MEE CEDAR o 
ions vibrate in a crystal. 2. In a nuclear reactor, a price a ng ol 
discrete bodies of fissile and non-fissile material (especially mo; erator ), 
arranged in a regular geometrical pattern. 
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LEAD ETHANOATES 


lattic 
e energy The energy required to separate the ions of a crystal-to an 


es distance from each other. 

m Point One of the fixed points in a crystal lattice about which molecules, 

prd Or ions vibrate. 

Im "n An alcoholic tincture of opium. 

PH d Bas Dinitrogen oxide. See nitrogen oxides. 
a window The period during which a space ve 
Ree to comply with various parameters and ach 

i Objective, 

lauric aci 

ine a See dodecanoic acid. 

la 2) The univalent radical CH3(CH2)\0CO-- 

d alcohol See dodecanol. 

p See magma. 
poun Lr. Transuranic element, At. No. 

Tencium-257 has a half-life of only 8 secs. 

"Son criterion A criterion for a thermonuclear reactor to be a source of 
energy, It is the product of the density of the fusing particles and the 
ipelainment time required in order that they will react sufficiently to raise 
p lemperature of the plasma to the ignition temperature. For a mixture 
(60:50) of deuterium and tritium the Lawson criterion has the value 10'° s 
aye 


ae See median lethal dose. 

benches See basic-oxygen process. 

[ni ng Washing out a soluble constituent. f . 

Pb (Plumbum). Element. R.a.m. 207.19, At. No. 82. A soft bluish-white 
RS rd. 11.34, m.p. 327.4°C.,b.p- 1740°C. It occurs chiefly as galena, 
bS, and is extracted by roasting the ore in a reverberatory furnace. Com- 

Pounds are poisonous. The metal is used in the lead accumulator, in alloys. 
and in plumbing; compounds are used in paint manufacture and in petrol 

be) (see tetraethyllead ). 

le accumulator See accumulator. 

i ad acetate See /ead ethanoates. 4 

lead arsenate Pb4(AsO4),. A white crystalline substance, m.p. 1042°C., used 
as an insecticide. : 

lead carbonate Normal lead(II) carbonate, PbCO3. is a white powder that 
Occurs naturally as cerussite. Basic lead carbonate, Or lead(II) carbonate 
hydroxide, 2PbCO;. Pb(OH);, is known as white lead and was formerly 
widely used as a pigment. r 

lead-chamber process The manufacture of sulphuric acid by the action of 
nitrogen dioxide, NO», on sulphur dioxide, SO2, tO give nitrogen monoxide, 
NO, and sulphur trioxide, SO}. The former reacts with oxygen from the air 
to give NO; again; the SO, combines with water to give sulphuric acid, 
the process being carried out in large lead chambers. The process 1s now 
obsolete and has been replaced by the contact process. 

lead ethanoates TWO ethancates (acetates) of lead. 1. Lead(II) ethanoate, sugar 
of lead. PE(CHs COO). A white crystalline solid that exists in the anhy- 
drous and trihydrate forms, It is soluble in water, m.p. 280°C., and has a 


hicle can be launched in 
jeve its planned orbit or 


103. The only known nuclide, 
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eh. 


— =. 


pow ah, 9. m m ; TUS M 
a LEAD OXIDES 


Sweet taste. It is used as a mordant and as a drier in paints. 2. Leod 

ethanoate, lead tetra-acetate. Pb(CH;COO),. A colourless solid 
: decomposes in water, m.p. 175°C. 4 y A 
lead oxides Three oxides of lead. 1. Lead(II) oxide, lead monoxide, litharge- 


Mea e in 
PbO. A yellow crystalline substance, m.p. 888*C, which is insoluble i 
water and is used in glass, paints, 


ide, lead peroxide, PbO). A dark- 


Leblanc process Salt-cake process, 
sodium carbonate, Na) CO. 
Nay SO, (‘salt-cake’) by heati 


lecithins Natural! 
in which one 
they are chemically similar 
Phosphorus, 


n 
Leclanché cell A Primary cell with a positive electrode or pole of carbo! 
surrounded b 


in a 
y a mixture of manganese dioxide and powdered carbon 
Porous pot. This stands in a soluti 


in a jar, which also 
external circuit is com 
moving towards the zi 


e chlorine ions react with the zinc to form zinc chloride, and the dd 
nium ions decompose at the Positive electrode to give ammonia bot Mis 
gen. The hydrogen liberated tends to cause polarization of the ce Aer 
tendency is partly counteracted by the manganese dioxide, which e" ae 
the hydrogen. The E.M.F. is approximately 1.5 volts. Leclanché cel EIN 
widely used for many purposes which require an intermittent current. 


common dry cell is a special form of Leclanché cell. Named after Georges 
Leclanché (1839—82). 


LED See light-emitting diode. 
length, British units of, 
12 lines = 1 inch 
12 ins = 1 foot 
3 ft = 1 yard 
22 yds = 1 chain 
10 chains = 1 furlong 
8 furlongs = 1 mile " 
For Seen to metric units see Appendix, Table 1. 
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py metric units of. 
cues = 1 centimetre 
ie = | metre 
For een - 1 kilometre 
er: iti i i 
length is E British units see Appendix, Table 1. The gSTiyunit ton 


BI-CONVEX  BI-CONCAVE PLANO, PLANO-  CONCAVO- 
CONVEX CONCAVE _ CONVEX 
(MENISCUS) 
Figure 24. 
CONVERGING AND DIVERGING LENSES 
OPTICAL CENTRE 
F 
REAL IMAGE 
OPTICAL _——_ 
AXIS | 
i 
Y 
VIRTUAL IMAGE^ | OPTICAL CENTRE 
i ev 
set E F- PRINCIPAL FOCUS 


Figure 25. 


rays to converge OF diverge on passing 
n of a transparent refracting medium 
bounded by two surfaces, generally 
o the nature of the surfaces 
See Fig. 24.) The centres of 
jdered to form a part are 


lens Any device tha 
ic t causes a beam of 
through it. The optical lens is a portio! 
(see refraction of light), usually glass, 
curved. Such lenses are classified according t 
int D bi-convex, plano-convex. ets, ( 
the spheres of which the lens surfaces are CODS 
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where u and y are the distan 
tively, and f is the Socal lengi 
(see Fig. 25.) Electrostatic and el 


Served in all proces: 


ave no internal structure, 


leucine A white soluble 
See Appendix, Table 5. 


" Is. 
amino acid, m.p. 293-295°C., essential to mammal 


lever A rigid bar that may be tu 


an acid by, donating to it a 
lewisite 1. B-Chlorovinyldichlo; 


19°C., developed 
Properties, 2 Th 
5Ca0.2Ti0,.35b,0;. 


roarsine. CICH:CHAsCI 


2- An oily liquid, b.p, 
as à war gas and having ves; 


icant and other lethal 


-- "Ns 
LIGNITE 


Leyden ; 
è ar s ares 
AA rA form of electrostatic capacitor of historical interest. It was 
libration ne 1745 in the Dutch town of Leyden. 
about Carrara of the Moon's face from side to si 
Liebig cond of the Moon’s surface can be seen from the 
Í (103-73) See condenser (chem.). Named after 
igand A si 
coordinatie gle atom or a group of atoms attached to a central atom in a 
attached tj compound. In a ligand one, two. or more atoms may be 
jus to the central atom, and it is referred to correspondingly as a uni-, 
light E multi-dentate ligand. 
eye, n agency by means of which a viewed object influences the observer's 
4x 10 RCODSISCS of electromagnetic. radiation within the wavelength range 
metre to 7.7 x 10-7 metre approximately; variations in the 
ponding to differ- 


Wave] X 
length produce different sensations in the eye, corres] 
wave theory of light. 


de. Due to libration 


Earth. 
Baron von Liebig 


eni 
light. mu See colour vision; photon; 1 
eras of The mean value is 2.997925 X 108 ms~! or 186 281 miles per 
- The special significance of the speed of light in the Universe was 
According to this now accepted 


Te 
i by the special theory of relativity. 
Ty, the speed of light is absolute (i.e. independent of the speed of the 


ol 
bserver) and represents a limiting speed in that the speed of no body can 
e speed of lights is apparent from 


e 2 

ee: T. The special significance of th 2 i 

the presence in the mass-energy equation, which follows from the special 

Gee relativity. In this equation the speed of light appears as the 
light-e cung link’ between mass and energy. Ț N- , 

et mitting diode (LED) A device used to display figures (digital display ), 
ae in calculators and other equipment giving à visual display. It consists 
centially of a semiconductor diode, made from such materials as gallium 
POR in which light is emitted at a p-n junction when electrons and 
holes recombine. The light emitted is proportional to the bias current and 
its colour depends on the type of material used. 


li 
ae See colour. 
Hhtning An electric discharge in the form of a spar 
" arged clouds, or between à cloud and the Earth. pate. 
Bhtning conductor A conductor of electricity connected to earth sndjendinsun 
One or more sharp points attached to à high part of a building. It provides 
i direct path of low resistance to earth. 
en An input/output computer device us! 
When pointed at a cathode-ray tube it can sense W! 
7 illuminated. 
Sk quantum See photon. f i 
eee ‘An astronomical measure of distance; the VEA rs by light 
see light, speed E ar: equal to 9.4605 X metres or 
5.87848 x 10!? s p crum 
lignin A complex organic material that 00 
often com Nn cellulose. The prep 
ing the lignin is an important step in the. 


EE and rayon industries, 
lignite Brown coal. A brownish-black natural deposit resembling coal, which 
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k or flash between two 


ed with a visual display unit. 
hether or not the spot is 


the woody tissues of plants, 
e cellulose by remov- 
ture of pulp for the 


curs in 
aration of pur: 
manufac! 


LIGROIN 


" au b- 
contains a higher Percentage of hydrocarbons than ordinary coal; it is pro! 
ably of more recent origin. 


ligroin A mixture of hydrocarbons Similar to benzine, but boiling in a higher 
temperature range (80—130*C.). io 

lime Quicklime, see calcium oxide; or slaked lime, see calcium hydroxide. 
term is sometimes loosely applied to calcium salts in general. 

limestone Natural calcium carbonate, CaCO}. 


A ilk; 
lime-water A solution of calcium hydroxide, Ca(OH), in water. It turns milky 


à i le 
by the action of carbon dioxide, CO», owing to the formation of insolub 
calcium carbonate, CaCO}. 


limit Limiting value (math.). A function of a variable quantity x, ynde A 
approaches a limiting value k as x approaches a value a, if the diffe 
k- flat 8) may be mad 


ing ô 
* smaller than any assignable value of making 
sufficiently small. 
limit of spectral series The lines app 


y A es b.p. 
An optically active liquid fegan 2p 
me essential oils; it is used as a solveni 

d surface-active agents. 


of iron(III) oxide, Fe50,. An ore of iron. 


170H. A colourless liquid terpene alcohol, b.p. 198-200°C. 
Certain essential 


oils and used in perfumes. 

linalyl ethanoate Bergamol. Ci9H;; COOCH,. A colourless liquid, b-p- 
220°C., with a pleasant odour; it is used in perfumes and soaps. 3 

Linde process A Process for producing liquid air, based on the Taule-Thorasen 
effect. Air is compressed and expanded through a nozzle, which causes i y 
Cool. The cool air is Passed through a counter-current heat exchanger is 
reduce the temperature of the incoming air. Eventually the PE ely 
reduced sufficiently to liquefy the air. The process is also used to ds 
Other gases, such hydrogen and helium. Named after Carl von Li 

(1842 1934), 


A measure of a medium's ability to absorb 
or diffuse it (compare linear attenuation coeffi- 
/$s = e-?* where $, is the initial radiant flux or 
the flux after it has travelled a distance x through 


cient). It is given by 9, 
luminous flux and $x is 
the mediam, 


linear accelerator Linac. An apparatus for accelerating ions eL d 
It consists of a Tow of cylindrical electrodes separated DT s (576 dn the 
àving a common axis, Alternate electrodes Ecc E Seid Ej 
and a high- requency potential is applied between the two E 
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The fre 
quency, and the lengths of the different electrodes, are such that the 


ions are e E 
linear pao each time they cross a gap between two electrodes. 
absorb nd m i coeificient p. A measure of a medium's ability both to` 
luminous flux iffuse radiation (compare linear absorption coefficient ). 1f a 
Othe atten ora radiant flux, $o» passes perpendicularly through a section 
tion coeffi huating medium, x, being reduced to $x, then the linear attenua- 
DN once p gen ae et 
linear d A form of induction motor, in which the stator 
linear MUT ead. of cylindrical, and parallel instead of coaxial. 
ionship A relationship existing between two variable quantities such 


that 
a graph representing the manner in which they vary with each other 
i through the origin the 


will 

dome p line. If the straight line passes the ¢ 

X, where re directly proportional and the equation of the line is 7 m 

tion of A is the gradient of the line. In the more general case, the equa- 

the lin à linear relationship is y = mX + C, where C is the intercept of 
e with the y-axis, i.e. it does not pass through the origin. 


line 
defect See defect; dislocation. 


IRAR 
ae velocity Radial velocity. 
observin es, or recedes from, the Earth. It is m 

the b ng the shift of the spectral lines (see spectrum 

ody, relative to those of the same elements on 


i effect. 
ine pai . ` 

pair In spectrographic analysis a line pair is of 
ed in the determination of the concentra- 


tral li d S 
a line (see line spectrum ) utiliz i a of th 
line S f an element and the internal standard line with which it is compared. 
printer An output device from a computer, which prints a line of charac- 


K le - 
ers at a rate of between 300 and 3000 lines per minute. 
netic lines of force. 


li 
fen force See electrical lines of force; magne s 0 M. 
lini pectrum A spectrum (emission OF absorption ) consisting of definite single 
NIS each corresponding tO 4 particular wavelength; it 1S characteristic of 
Lin element in the atomic state- 
ors ROT See binomial nomenclature. Named after 
r —=78). 
es process See basic-oxygen process. 
eic acid C,5H4, COOH. A yellow oily liquid unsaturated. fatty acid, b.p. 
table oils, particularly linseed oil. Once 


M 
229°C., which occurs in various vege! | a 
n this capacity 1S now discredited. 
om the seeds of flax plants. It contains 
acids. Being easily oxi- 
d varnish industries 


and rotor arè 


at which a heavenly body 


easured spectroscopically by 
) of elements within 
Earth. See Doppler 


The velocity 


consists of the particular spec- 


Carolus Linnaeus 


NUS vitamin F, its function i 
dim vegetable oil extracted fr 
dized E of oleic acid and other unsatur y 
and for polymerized it is widely used in the paint an 
lipase A manufacturing linoleum. 
lipids ae CUM with the power of hy 
ae po A group of organic compounds that are esters of fatty acids and 
noun e by being insoluble in water but soluble in many organic 
aie iar uS usually divided into three groups: 0) Simple lipids’, 
include AES oils as well as Waxes; 2) “Compound lipids’, which 
important 2e ee glycolipids; (3) “Derived lipids’, of which the*most 


drolyzing (see hydrolysis ) fats. 
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lipoclastic Lipolytic. Fat-splitting; denoting enzymes having the power of 
hydrolyzing (see hydrolysis ) fats into fatty acids and glycerin; e.g. lipase. 

lipoprotein A protein that includes a lipid in its Structure. 

Lipowitz’ alloy A fusible alloy, m.p.65—70*C., consisting of 509, bismuth, 
27% lead, 13% tin, 10% cadmium. 

liquation The separation of a soli 
uents melts and can be drained away. 


- Natural gas, principally methane, that has p 
shipping or for use as a liquid engine fuel. 
cannot be liquefied by pressure alone owing 
to its low critical. "temperature (190 K). It must therefore first be cooled to 
ored in insulated containers. 

A mixture of petroleum gases, usually propane 
nder pressure as a liquid and used as an engine 
g little atmospheric pollution or engine deposits. 
Tmediate between a solid and a gas, in which the 


s in short-range ordered arrays. It is in the absence 
ofa long-range order that they differ from solids. 
liquid air A pale blue liquid, containing mainly liquid oxygen, b.p. —182.9°C., 
and liquid nitrogen, b.p. —195.7*C. 
liquid-crystal display A digital display in an electronic calculator, etc., based 
2 liquid-crystal cells that change their reflectivity in an applied electric 
eld. 


liquid crystals Relatively large re; 
that 


ic field, these phases undergo realignments leading to 
id-crystal display; cholesteric crystals; nematic crystals; 


liquid drop model of the nucleus A hypothetical model of the atomic nucleus 
in which its Properties are compared to those of a drop of liquid. 

Lissajous figure The locus of the resultant displacement of a point on which 
two or more simple periodic motions are impressed. In the common case, 
two periodic motions are at right angles and are of the same:frequency. The 
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series of ellipses corresponding 


Lissaj 
issajous figures then become, in general, a 
the two motions. Named after 


ro oases differences of phase between 
litharg issajous (1822-80). 
lithi e See lead oxides. 

zm Li. Element. R.a.m. 6.939. At. No. 3. A light silvery-white alkali 

Chemi Bubs 179*C., b.p. 1340*C., r.d. 0.534. It is the lightest solid known. 

its ically it resembles sodium, but is less active. It is used in alloys and 
lithi salts have various uses. 

freni Carbonite LijGOs. A white crystalline solid, mp. 135°C, used in the 
lithi ment of endogenous depression. It is also used in some glazes. 

um chloride LiCl. A white soluble deliquescent substance, mp. 614*C., 


liti. asig flux and in mineral waters. 1 
on hydride LiH. A white crystalline substance, m.p. 680°C., used in 
ganic synthesis as a reducing agent. The deuteride, in which. some of the 
mise drogen is replaced with deuterium, is used as a deuterating compound. 
um oxide Lithia. LiO?. A white crystalline solid, m-p- 1700°C., used in 
fee refractories, fluxes, and in some accumulators. 
nopone A mixture of zinc sulphide, ZnS, and barium sulphate, BaSO,. Used 
lithe Paints as a non-poisonous substitute for white lead. 
moe See Earth. 
Fue A soluble purple substance 
nd blue by alkalis. It is used as s y 
ti of litmus paper, an absorbent paper soaked in a solution of litmus. 
itre A unit of volume in the metric system: Formerly defined as the volume of 
| kilogram of pure water at 4°C. and 760 mm pressure (which is equivalent 
to 1000028 ce). This definition still applies for purposes of the 1963 
Weights and Measures Act. However, in SI units the litre Is a special name 
for the cubic decimetre, but is not used for high precision measurements. 
For approximate purposes | litre = 1000 cc, and the symbol ml is often 
_ Used synonymously with cc, though this practice is now deprecated. 
liver of sulphur A mixture of sulphides and other sulphur compounds of potas- 
sium, obtained by fusing potassium carbonate, K,CO3, with sulphur. It is 
li guest as an insecticide and fungicide in gardening. > ‘ 
lixiviation The extraction of soluble material from a mixture by washing with 
water, 
loaded concrete Normal concrete to e 
containing elements of high atomic number (e. ! 
used in the shielding of nuclear reactors. 
local group of galaxies The cluster of galaxies to which the Galaxy belongs. 
Distant clusters of galaxies are receding from the local group. See expan- 
j id ie the Universe. 3 E 2 
illator The oscillator in a heterodyne OF superheterodyne radio receiver 
tt proai T the radio frequency oscillation with which the received wave 
locus (math. The locus of a point is the line that can be drawn through 
adjacent positions of the point, thus tracirig Out the path of the point in 


space. 
lodestone A ‘magnetic variety of natural iron oxide. Fe3O4, magnetite. 
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f vegetable origin; it is turned red by acids 
a rough indicator, especially in the form 


which has been added some material 
ron or lead shot). It is 


Shadi 


- 
i LOGARITHMIC SCALE 


T : > 2 it 
logarithmic scale A scale of measurement in which an increase of one uni 
Tepresents a tenfold increa 


E 
se in the quantity measured (for common loga: 
rithms ). 

logarithms If à nu 


. the systematic schemei 
ctions of Physical entities representing data. In digi in 
computers the logic Circuits are the basic Switching circuits now forme 


, input circuits have currents; 


an OR circuit ives an output if at least 
Input has a 


current; and the N 


orbital but have Opposite spins, 


longitude The angle that the terrestrial meridian through the geographical 
poles and a Point on the Earth’s surface makes with a standard meridian 
; (through Greenwich) is the longitude of the point. In astronomy, the cess 
tial longitude’ is the angular distance of a celestial body from the vernal 
equinox along the ecliptic, measured through 360° towards the East. 
longitude, lines of Imaginary meridians on the Earth’s surface, referred e 
Standard meridian through Greenwich; they are great circles of the Ear! 
intersecting at the poles. 


longitudinal Lengthwise; in a line with the length of the object under consid- 
eration, 
longitudinal waves Waves in which the vibration or displacement takes P 
in the direction. of Propagation of the waves; €g. sound waves. See also 
transverse waves. 
long sight See hypermetropia; presbyopia. à : 
Lorentz-Fitzgerald contraction A contraction in the length of a moying es 
postulated by H. A. Lorentz and G. F. Fitzgerald (1851-1901) to accoun 
for the negative result of the Michelson-Morley experiment, The SOHEREHOR 
is only appreciable at Speeds comparable to the speed of light ame 
given a theoretical explanation by Einstein in his special theory ^ rei Yo 
; ity. In special relativity an object at rest, of length lj, in one i ol 
reference, will appear to an observer in another frame of ACE EIS ave 
a length lo (01 v2/c2) V. where v is the speed of one frame o ‘erence 
relative to the other and c is the speed of light. 
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ating space and time coor- 


Lorentz transformation A set of equations for corel 
lativistic velocities. Named 


dinates in two frames of reference, especially at re 
after Hendrik Lorentz (Bes ens x bg 
Loschmidt’s constant The number of molecules per unit volum 
ms at S.T.P.; equal to 2.687 19 x 1025 m7. 
udness of sound The magnitude of the physiological response of the ear to 
Sound. As the ear responds differently to different frequencies, the loudness 
Of a sound will depend to a certain extent on its frequency. However, 
loudness can be roughly correlated with the cube root of the intensity of 
sound, and different levels can be conveniently compared by the units deci- 
bel and phon. 


lo x : : 
udspeaker A device for converting electric 


e of a perfect 


currents into sounds loud enough 
t type consists of an electromag- 
netically operated moving-coil device vibrating a paper cone. 


Lovibond tintometer* A colorimeter in which the colour of a liquid, surface, 
series of glass slides of stan- 


low frequency LF. A radio frequency in the range 30-300 kilohertz. 

Lowry-Brønsted theory A theory of acids and bases in which acids are 
regarded as proton donors and bases as proton acceptors. Water, in this 
definition, can act as both acid and base. Named after T. M. Lowry 
(1874—1936) and Johannes Brønsted (1879-1947), who arrived at the same 
conclusion independently in 1923. 


lubrication See sribology. f 
lumen The derived ST unit of luminous flux. The amount of light emitted per 
Second in unit solid angle of one steradian by & uniform point source of one 
candela intensity; ie. the amount of light falling per second on unit area 
i placed at unit distance from such a source. Symbol Im. : a 
"minance L. e inous intensit of any surface in a given direction per 
unit of Mud der] EA of that surface, on a plane perpendicu- 
lar to the given direction. It is measured in candela per square metre. 
luminescence The emission of light from a body from any cause other iin 
high temperature. It is caused by the emission of photons when an excite 
atom returns to the ground state. Fluorescence and phosphorescence are par- 


: ticular cases of luminescence. Th unt o 
luminosity 1. The proj f emitting light. 2. PP s 
bya Sat lepe ii its bees fain the Earth, usually expressed as a 
magnitude. i 
luminous flux 9$, The luminous flux through an arca ee FF 5 ie 
passing through that area in one second. The derived SI unit of luminous 
flux is the /umen. 
per second in unit solid 


luminous intensity J, The amount of light emitted : g 
angle by à point source, in a given direction. The SI unit of luminous 


intensity is the candela, The term is restricted to point sources. 


luminous paint Paint prepared from hosphorescent compounds such as cal- 
cium sulphide, etc., which glows E exposure to light. See phosphorescence. 


lunar caustic “Silver nitrate, AgNO;, usually fused and cast into sticks. 
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f light emitted 


a, 


LUNATION 


lunation Synodic month. The time between one new moon (see phases of the 
moon ) and the next; equal to 29 days 12 hours and 44 minutes. ef 
lutetium Cassiopeium. Lu. Element. R.a.m. 174.97. At. No. 71. A silvery 


metal the least abundant of the elements; r.d. 9.842, m.p.1652*C, b.p. 
3402°C. See lanthanides, 


lux Metre candle. The derived SI unit of illuminance; 
metre. Symbol Ix. 


Lyddite An explosive consisti 
(NO;),, mixed with 10% nitrobenzene and 3% Vaseline*. 


Lyman series A series of lines that occurs in the ultraviolet region of the 
Spectrum of hydrogen. Named after T. Lyman (1874-1954). 


one lumen per square 


ng of picric acid (trinitrophenol, CHOH- 


lysine An essenti 
Table 5, 

lysis The dissolution or destruction of cells 
by a class of antibodies called lysins. 


al crystalline soluble amino acid, m.p. 224*C. See Appendix, 


(especially blood cells or bacteria ) 
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M 


machine A device for overcoming resistance at one point by the application 
Of a force, usually at some other point. Physics recognizes six "simple 
machines", the Jever, wedge, inclined plane, screw, pulley, and wheel and 
axle. More complex machines are usually an arrangement for the purpose 
of taking in some definite form of energy, modifying it, and delivering it in 
a form more suitable for the desired purpose. 

Machmeter An instrument for measuring the speed of an aircraft relative to 


the speed of sound. See Mach number. 

Mach number The ratio of the speed of a fluid or body to the local speed of 
sound. The speed of a fluid or body is therefore said to be supersonic if its 
Mach number is greater than unity. See also hypersonic. Named afer Ernst 
Mach (1838-1916). 

Mach’s principle The inertia of a body is a result of its interaction with the 
Test of the Universe. An isolated body would have no inertia. 

macro- Prefix denoting large, in contrast to micro, small. 

macrocyclic Containing a ring structure consisting of more than twelve atoms 
in the molecule. 

macromolecular Consisting of or pertaining to macromolecules; 
high relative molecular mass. 

Paeromolecule A very large molecule, 
lon. 

Magellanic clouds Two small patch 
hemisphere, to be detached from 
the Milky Way. These objects 
smaller members of the Local Group t 
after Ferdinand Magellan (1480-1521). E 

Ec Fuchsine. C;9 H22N3 OCI. A red dye, prepared from aniline and tolu- 
idine. y 

magic numbers The numbers 2, 8, 20, 28, 50, 82, and 126. Atomic nuclei 
Containing these numbers of neutrons OT protons have exceptional stability. 

magma Molten material, consisting of silicates with occluded gases and other 
substances, that forms in the mantle or crust of the Earth and solidifies 
into igneous rocks. Magma extruded from volcanoes is called lava. 

Magnadur* A ferrite used for making permanent magnets. ; 

Magnalium* A light alloy, r.d. 2—2.5; it consists of aluminium with from 5% 
io 30% magnesium and 1% to 2% of copper. It is highly reflective. 

magnesia See magnesium oxide or magnesium hydroxide; ‘magnesia alba’ of 
pharmacy is basic magnesium carbonate; ‘fuid magnesia’ is à solution of 
magnesium hydrogencarbonate. 

magnesite Natural magnesium carbonate, MgCOs: which occurs in white 
masses; it is used in the manufacture of refractories and fertilizers. 


magnesium “8. Element. Ram. 24312. At. No. 12. A light silvery-white 
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having a very 
generally of a polymer. See polymeriza- 


es of light that appear, from the southern 
the main bright band of stars constituting 
are separate galaxies, being two of the 
o which our Galaxy belongs. Named 


' MAGNESIUM CARBONATE 


metal, rd. 174, mp. 651°C., b.p. 1107°C,, that tarnishes easily in air. It 
burns with an intense White flame to form m i Jite 
sium occurs as magnesite, MgCO}; dolomite, MgCO;.CaCO;; carnai 2 
KCI.MgCl,.6H,0O, and in many other compounds: it is prepared by electro d 
ysis of fused carnallite. Tt is used in lightweight alloys, in photography aa 
compounds are used in medicine. It is essential to life as it occurs 
chlorophyll. : 

magnesium carbonate Magnesite, MgCO3. A white solid that exists in is 
anhydrous, trihydrate, and pentahydrate forms. Basic magnesium carbona x 
M&CO;.Mg(OH),.3H,O or 3M8CO;.M&(OH), 3H; O, also occurs. Mee 
sium carbonate is used as a drying agent in table salt and as an antacid. í 

magnesium chloride MgCl. A white deliquescent substance, m.p. 708° C. ma 
occurs in sea-water and also as carnallite. A concentrated solution mixed 


ne-like mass owing to the forma- 


magnesium sulphate Epsom salts. MgSO,. 
Salt, used in medicine and i 


Encsium trisilicate. 2MgO.3Si0,.nH,O. A white 
T to absorb odours. 


high temperatures with the aid of met, 


i o 
allic magnesium. It is analogous t 
aluminothermic reduction, f- 
t 
FeO ent A ferromagnetic substance that has a permanent magne 
field and ma, 


magnetic bottle Any confi 
of a plasma during con 


posited on a nonmagnetic substrate, and 
When a magnetic field is applied to a 
Chip, cylindrical domains, called magnetic bubbles, form. These bubbles 
one magnetic polarity in an environment of the 
Opposite polarity, each chip being able to store as many as one million 
bubbles, Taformation is represented in binary notation as the presence or | 
absence of a bubble in a specified place on the chip. A rotating magnetic 
field is used to recover the information. j 
magnetic Sem A closed path following the /ines of force of. CEU field. 
magnetic constant Permeability of free space. pug. The fundamé?..tal constant 
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Ea has the value 47 X 1077 henry per metre. It arises as the constant of 

i portionality in Ampere's law, its value depending on the choice of units. 

€ also magnetic permeability. 

magneti : E 

a Bnetic containment See thermonuclear reaction. 
agneti Ve EAS 
|n declination Magnetic variation, variation of the compass. The angle 
E ween the planes of the geographic and magnetic meridian. See magnetic 

ements; magnetism, terrestrial. 

m Te. di : x 
poete dip Angle of dip, inclination. The angle between the direction of the 
t Tlh's magnetic field (see magnetism, terrestrial ) and the horizontal; i.e. 
ES angle through which a magnetic needle will ‘dip’ from the horizontal 
^ en suspended so that it is free to swing in a vertical plane in the mag- 

etic meridian. See dip circle; magnetic elements; magnetic equator. 


maj e dn E 
Bnetic dipole See dipole; magnetic moment. 
etic iron oxide for use as a 


Magnetic disk A metal disc coated with magn f i 
computer memory. Data is recorded onto the rotating disk in concentric 
tracks and retrieved by means of a play-back head. The standard disk is 
356 mm in diameter and forms part of a ten-disk pack, which rotates at 
3600 r.p.m. The floppy disk is a similar, but smaller, device consisting of a 
210 or 133 mm plastic disk used in a stiff envelope in a microcomputer. 

Magnetic domains Regions, some 1-0.| mm across within a ferromagnetic 
material, in which the atomic magnetic moments are aligned when the mate- 
tial is magnetized. The application of an external magnetic field increases 
the number and size of the aligned domains. In a very strong field all the 
magnetic moments of the domains are aligned with the field and the mate- 
tial becomes a saturated permanent magnet. If the material becomes 


demagnetized the domains cease to be aligned. x 
magnetic iti tic declination, magnetic dip, 
elements The three quantities, magneti , me p, 

and horizontal component, which define completely the Earth’s magnetic 


field (see magnetism, terrestrial) at any point. ; 
ic dip lying fairly near the 


Magnetic equator Aclinic line. A line of zero magneti 1 1 
Beographical equator, but passing North of it in Africa and the Indian 
cean, and South of it in America and the Eastern Pacific. 
Magnetic field A field of force that is said to exist at any point V Ope i 
of wire carrying an electric current experiences à couple when placec al 2 
Point. A magnetic field may exist at à point as à result of the presence S 
either a permanent magnet or a circuit carrying an electric ue in ihe 
Neighbourhood of the point. The strength and direction of [e dan be 
expressed either in terms of the magnetic flux density, B, or c genetic 
field strength, H, both of which are vector quantities related by B = Hp, 
where p is the magnetic permeability of the medium. i p 7 
magnetic field of electric curre ;re or coil carrying an electric, current is 
E by a magnetic vu e direction of the field relative to the 
current may be determined by the following corkscrew rule: If a'corkscrew, 
held in the right hand, is turned along the conductor, 9 the direction of 
the current, the movement of the thumb judicates the direction of the 
magnetic field produced. The strength of the magnetic field at the centre of 

a circular co Of wire of radius r, consisting of 7t turns, In which a current 
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MAGNETIC FIELD STRENGTH 


of I amperes is flowing, 
10r oersted in C.g.s. units. 


magnetic field strength Magnetic intensity. H. The Strength of a magnetic re 
measured in amperes Per metre (SI units) or oersteds (c.g.s. b. «Be 
given by H = B/ug — M, where B is the magnetic flux density, + of bar 
magnetization, and m) is the magnetic constant. See magnetic fie 
electric current. f by 
magnetic flux The Strength of a magnetic field through an area, ET of 
the product of the magnetic flux density and the area. The cg. un 


a f x T i is the 
magnetic flux is the maxwell. The derived SI unit of magnetic flux is 
weber. 


JN 3 4 in| 
magnetic flux density Magnetic induction. B, The magnetic flux passing 
through unit area of a magnetic fi 


4 - - anl/ 
is nI/2sr amperes per metre in SI units or 2: 


derived S7 unit of magneti 
metre ). The c.g.s unit is th 
magnetic force 


magnetic induction 1. The induction of magnetism in a body by an external 

magnetic field. 2, See magnetic flux density. 
magnetic intensity See magnetic field strength. 
magnetic iron ore See magnetite. 


LA e the 
magnetic line of force A line whose direction at each point is that of 


jc pole 
magnetic field at that point; the path along which a free magnetic p 
would be accelerated, 


magnetic meridian See ma, 
magnetic mirrors The re, 
nally generated magnetic fi 
trolled thermonuclear 


gnetism, terrestrial, 


Anas : ag- 

measured in ampere metres Squared (A m°). This is called the electromag: 
netic moment. ^ 1 i ETHER 

A 4 a « e 

magnetic monopole A hypothetical unit of magnetic charg ie 
artiko charge. No evidence has been found for the existence of a separ: 
magnetic pole, they are always found in paisai e ios 

magnetic permeability 4. The ratio of the magnetic flux eo ma uer) n 
to the external magnetic field strength that erue The ‘rel m Pe nx 
bility’, uf, is the ratio of the permeability of a su RM Hem Ip 
ity of free space (see magnetic EFE Wm D SR EA 
constant small value, When is less t 2 1 
diamagnetic; if Hr is greater hie 1, it is Ch aha ee M S 
notably iron, have very large values of p, which ten 
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str ` p 3 
ahs increases so that the magnetic flux density tends to a limiting 
called the saturation value. Such substances are said to be ferromag- 


netic. 

m ` 
agnetic pole A magnet appears to have its magnetism concentrated at two 
ed to swing freely, one 


Ba a the poles. If a bar magnet is suspend 1 i 
the SR the North-seeking, North, or positive pole, will point North, and 
px d South. Unlike poles attract, and like poles repel each other. The 
nee attraction or repulsion between two poles varies inversely as the 
aed € of the distance between them (see inverse square law). The strength 
Pole’ Magnetic pole was formerly expressed in terms of a ‘unit magnetic 
ta le’, to which the inverse square law was applied. Thus, the force between 
b poles n, and m, separated by a distance d in a vacuum, was given 
y myms/d?, In modern practice the magnetic dipole moment is used (see 
ere moment; dipole ). 
mole potential See magnetomotive force. 
mic resistance See reluctance. 
aelic storm A sudden disturbance in the Earth’: 
ism, terrestrial) associated with sunspot activity, 


E radio transmission. 

‘’gnetic susceptibility Xm. The ratio of the magnetization (M ) produced in. a 

Substance to the magnetic field strength (H) to which it is subjected, Le. 
Xm = M/H. The susceptibility is related to the relative permeability, Hr 
(see magnetic permeability ) by Xm = Hr — ]. Ferromagnetic materials have 

m Bh positive values of X r 
agnetic tape Plastic tape coated with a ferromagnetic powder, used in tape 
recorders. The tape is passed over the gap in a magnetic circuit, which is 
modulated in accordance with information to be recorded. The tape retains 
a record of the modulation, which can be ‘played back’ through a suitable 
circuit, Magnetic tape is used in the backing storage Of computers. 

magnetic variation See magnetic declination. [ 

ed with magnets and magnetic fields. 


Magnetism The b f physics concern 

ranchi on pay ferromagnetism; ferrimagnetism. 

magneti f icm. The Earth's magnetism. The Earth pos- 
ism, terrestrial Geomagnetism. varies with time and locality. 


Sesses a magnetic field, the stren th of which 

The field NE that which would be produced by à powerful magnet 
situated at the centre of the Earth and pointing approximately North and 
South. A magnetized needle suspen ing freely in all planes will set 
itself pointing to the Earth’s magnetic North and South poles, at an angle 


to the horizontal (see magntic dip ). The vertical p! 
such a needle is termed the magnetic meridian, defin: k 
that contains the direction of the Earth's magnetic field. At any point on 
the Earth's surface, terrestrial magnetism is defin: 


elements: the horizontal component Bo of the magn 
y and the resultant magnetic 


point; the angle of dip (the angle between B, 
point sity): and the declination (the angle between Bo and RS ESQ RPRIC 
true north. See magnetic declination ). 

e cause Of the Earth's magnetism is not definitely known. The varja- 
tions of Hug Earth S magnetic field with time are of two types, the ‘secular’ 
and the ‘diurnal’. The secular variations are slow changes in the same sense, 
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s magnetic field (see mag- 
which affects compasses 


MAGNETITE 


. H . as 
but at different rates, as a result of which the Earth’s magnetic es 
decreased by some 5% over the last hundred years. The cause i ae 
variations is unknown. The diurnal variations are much smaller an 


ae ; : in 
rapid variations which have been shown to be associated with changes 
the ionosphere related to sunspot activity. 


magnetite Magnetic iron ore. Natural black iron oxide. Fe40,. 


A. i ized 
magnetization M. The magnetic moment per unit volume of a m 
body. It is equal to B/uy — H, where B is the magnetic flux, pọ 1S 

magnetic constant, and H is the magnetic field strength. 
magneto A small alternatin 


electrodes of a sparking plug in the ignition 


magnetohydrodynamics MHD. 1. The study of the behaviour of moving E 
trically conducting fluids in magnetic fields. 2. A method of gencre 
electricity by subjecting the free electrons in a high velocity flame or plast d 
to a strong magnetic field. The free-electron concentration in the ie 
increased by the thermal ionization of added substances of low on Ta ü 
potential (e.g. containing sodium or potassium). These electrons constitu 


is ot influ- 
current when they flow between electrodes within the flame, under the in 
ence of the external magnetic field. 


i ; ic fields, and 

magnetometer A instrument for comparing strengths of magnetic fields, nel 
magnetic moments. The deflection magnetometer consists of a short non 
with a long, non-magnetic pointer at right angles across it, pivoted a 


tmp ; ec- 
Junction. The pointer swings along a circular scale, thus enabling defl 
tions of the short magnet to be measured. 


magnetomotive force MMF. Formerly called the magnetic potential. A quan- 


- E A ions al 
tity analagous to the electromotive force. It is defined as the circular integr 
of the magnetic field strength around a closed path. 


magneton A unit for measuring the magnetic moments of atomic particles. The 
Bohr magneton, 4p, is equal to 
eh/Amm, — 9.2741 x 10-24 A m? E 
where e and m, are the charge and mass of the electron and is the Pla 
constant. The nuclear magneton, lin, is equal to 
Mg. m./m, = 5.05 x 10-27 A m2. US 
where Mp is the mass of the proton. The symbols mg and My cher 
times used for the Bohr magneton and the nuclear magneton respective y 
magnetosphere The space surrounding the Earth, or any celestial body, e 
which there is a magnetic field associated with that body. It includes 
Van Allen radiation belts. 2 
magnetostriction A change in the dimensions of ferromagnetic "iios pd P 
magnetization. It arises as a result in changes in the sizes of the mag 
domains. ks = 
magnetron A thermionic valve capable of producing high power re Dus b. 
the microwave region. It consists of a heater, a central cathode, an zn 
anode with a number of radial segments, all enclosed in an evacuat 
container, which is situated in the gap of an external magnet. The move- 
ment of the electrons is controlled by a combination of crossed electric and 
magnetic fields. It is used extensively in radar. 
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MALT SUGAR 


NE, cation (Of a microscope or other optical instrument). The ratio of the 
inear dimensions of the final image to the linear dimensions of the object. 


magnifying glass A convex lens. See microscope, simple. 
magnifying power of a compound microscope The ratio of the angle subtended 
at the eye by the final image to the angle subtended by the object placed 
at the least distance of distinct vision (ie. the shortest distance from the 
eye at which the object can be seen distinctly). 

-. Magnifying power of a lens The ratio of the angle subtended at the eye by the 
virtual image to the angle subtended by the object when placed at the least 
distance of distinct vision; this latter is generally taken to be 0.25 metres. 

Magnitude of stars The apparent magnitude is a measure of the relative 
apparent brightness of stars. ^ star of any one magnitude is approximately 


2.5] times brighter than a star of the next magnitude. E.g. a star of the 
first magnitude is (2.51)? times as bright as a star of the fourth magnitude. 


€ absolute magnitude is defined as the apparent magnitude a given star 

would have at the standard distance of 10 parsecs. 

magnox A magnesium alloy used for sheathing urani 

tain types of nuclear reactor. See gas-cooled reactor. 

main-sequence stars See Hertzsprung-Russell 

| Major axis The axis of an ellipse that passes t 
| under ellipse. 

| majority carriers In a semiconductor, 

than half the total number of carriers. 
Maksutov telescope An astronomical telescope developed by D. D. Maksutov 
in 1944, It consists of a concave spherical mirror, the aberration of which is 


reduced by a meniscus lens. 

malachite Natural basic copper carbonate, CuCO;.Cu(OH)2. A bright green 
mineral used as a gemstone and as a Copper ore. 

malate A salt or ester or malic acid. 


maleate A salt or ester of maleic acid. 


Maleic acid See butenedioic acid. : 
malic acid 2-hydroxybutanedioic acid. HOOCCH(O HD putt nd eee 
| Crystalline organic acid, m.p. 98—99*C. It occurs In unripe apples and other 
fruits. 
malleability The ability to be hammer 
malonic acid See propanedioic acid. ^ dioi 
| malonyl The bivalent radical —OCCH;CO-; derived from propanedioic 
| (malonic) acid. 
| malonylurea See barbituric acid. : 
malt Grain (usually barley) that has been allowed to germinate and then 
| heated and dried. See brewing. 
| maltase An enzyme occurring in yeast and other organisms that hydrolyzes 
| (see hydrolysis ) maltose into glucose. N 
maltose Malt sugar, maltobiose, C,; H52011 
| charide, less Sweet than cane-sugar. It is 
the enzyme amylase On starch, 
malt sugar See maltose. 


um fuel elements in cer- 


diagram. 


hrough both foci. See Fig. 15, 


the type of carrier that constitutes more 


ed out into thin sheets. 


_A hard crystalline soluble disac- 
formed in malt by the action of 
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MANDELIC ACID 


mandelic acid C;HsCHOHCOOH. A white crystalline optically active Bee 
Stance, the racemic form of which has a m.p. of 120.5°C.; it is used a: 
antiseptic. ac 

manganates 1. Manganate(VI). A salt containing the ion MnOj". Ty o 
dark green. 2. Manganate(VII), permanganate. A salt containing the 
MnO;. They are purple and are Strong oxidizing agents. Nu 

manganese Mn. Element. R.a.m. 54.938. At. No. 25. A Ru NA. qm 
brittle metal, r.d. 7.20, mp. 1244*C., b.p. 2040*C. It occurs as pyrolusite, 


MnO), from which it is extracted by reduction with carbon or aluminiu 
It is used in numerous alloys. 


manganese bronze Man; 
manganese. 


manganese dioxide Manganese(IV) oxide. MnO). A heavy black powder Bi 
occurs naturally as pyrolusite. It is used as a source of manganese met 3 in 
an oxidizing agent, in glass manufacture, in Leclanché cells, as a catalys! 
the laboratory preparation of oxygen, etc. 


ít 
manganese steel A very hard Variety of steel containing up to 13% mang 
nese. x 
icke ts 
manganin An alloy containing 83% copper, 13% manganese, 4% nickel. As 1t 


5 $ E : E it 15 
electrical resistance is affected only slightly by change in temperature 
used for resistance coils, 


mannitol HOCH, (CHOH), 
polyhydric alcohol, the ra 
used in the manufacture 


n 4% 
Banese brass. A copper-zinc alloy containing up tO 


CH;OH. A white crystalline optically aame 

cemic form of which has a m.p. of 168°C.; it 

of synthetic resins and plasticizers. 

mannitol hexanitrate CEHs(ONOs),. A colourless insoluble substance, M-P- 
112°C., used as an explosive and in medicine. " 

manometer Any instrument used for measuring gaseous pressure, especially a 
U-tube containing mercury. 

mantissa The decimal, alwa: 

mantle See Earth, 


margarine A butter substitute prepared from hydrogenated oils (see mar I 
ation of oils). Milk powder is emulsified with the hydrogenated oil; TD 
rial action in the milk produces à butter-like flavour; vitamins A an 
(see vitamins ) and Suitable colouring materials are added. 


Markownikoff (Markovnikov) rule In the addition of a hydrogen halide to an 


m 
asymmetric alkene, the halogen atom becomes attached to the carbon ato! 
with the fewer 


hydrogen atoms. Named after V. V. Markovnikov 
(1838—1904). 


Mars (astr.) A planet, with two small satellites, having its orbit between Ed 
of the Earth and Jupiter. Mean distance from the Sun 227.94 nr e 
kilometres. Sidereal period (year) = 686.98 days. Mass 0.107 that e 7 
Earth, diameter 6790 kilometres. The atmosphere, composed mainly 3 Ge 
bon dioxide, has a Pressure of only about 0.01 atmosphere. The Poar ví 
Caps are solid carbon dioxide. The day temperature at the equator is abo 
—25*C., dropping to about.—120°C. at night. 

marsh gas See methane, CH4. 


1 ï tion of 
Marsh’s test A sensitive test for arsenic that depends upon the formai 
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ys positive, portion of a common logarithm. 


MASSICOT 


arsine when arsenic of its compounds are present in a solution evolving 
gh a narrow, heated tube it is 


hydrogen. When the arsine is passed throu 
decomposed and leaves a deposit of metallic arsenic. 

martensite The hard and brittle constituent of steel produced when the mate- 
rial is cooled from its hardening temperature at a greater rate than its 
critical cooling rate. 

mascon A local concentration of high mass, below 
unexplained origin. 

maser Microwave Amplification by Stimulated Emission of Radiation. A class 


of amplifiers and oscillators that makes use of the internal energy of atoms 
and molecules to obtain low noise-level amplification and microwave oscilla- 
ission, which is the 


tions of precisely determined frequencies. Stimulated emis: h 
basic principle on which these devices work, is the emission by an atom 1n 


an excited quantum state (see excitation ) of a photon, as the result of the 
impact of a photon from outside of exactly equal energy. Thus the stimu- 
lating photon, or wave, is augmented by the one emitted by the excited 
atom. A maser consists of an ‘active medium’ (either in the gaseous or solid 


state), in which most of the atoms can be optically pumped to an excited 
State by subjecting the system to electromagnetic radiation of different fre- 
quencies to that of the stimulating frequency (see population inversion ). The 
active medium is enclosed in a resonant cavity so that a wave is built up 
with only one mode of oscillation, which is equivalent to a single output 
frequency. Masers can also be made to operate at optical frequencies, when 


they are referred to as optical masers OF lasers. 
mass m. A characteristic of à material body that can be defined in either of 


two ways. The inertial mass of à body is the constant of proportionality in 
y: e inertial rela ehe acceleration produced when the body 


the relati i 

slntionship Z aa itational mass is determined by Newton’s 
al mass that is used in measuring 
e unit of mass. In fact the inertial 
o rest mass; relativistic mass; 


the surface of the Moon, of 


mass-energy equation. 


mass action law The velocity o! 
active masses (molecular concen: 


mass decrement The difference between th 
and the rest masses of its decay products. 
mass defect The difference between the rest mast of a nucleus and the sum of 
the rest masses of its constituent nucleons. The energy equivalent of the 
mass defect, on the basis of the mass-energy equation, must be supplied to 


a nucleus to split it into its component nucleons. p 
mass-energy equation The mass of à body is a measure of its energy content; 
the equation connecting the two quantities 6E ices where c is the 
speed of light in m s~! and E is the energy, in joules, relersed when a 
mass m, in kilograms, is completely converted into energy. In cg.s. units, if 
m is in grams and c is in cm S^ ^ E will be in ergs. See annihilation 
radiation; conservation of mass and energy- = 


massicot A yellow powder consisting of unfused lead oxide, PbO. 
245 


f a chemical change is proportional to the 


trations) of the reacting substances. 
e rest mass of a radioactive nuclide 


MASS NUMBER 


mass number Nucleon number. 4. The integer nearest to the relative aan 
mass of an isotope, i.e. the number of nucleons in the nucleus of an atom E 

mass spectrograph An apparatus for the determination of the exact masses 
individual atoms, by Photographing the mass spectrum produced. Es 

mass spectrometer An apparatus for obtaining the mass spectrum of a T 1s 
Of ions by means of Suitably disposed magnetic and electric fields. | of 
deflection of any individual ion in a Magnetic field depends on the ratio A 
its mass to its electric charge, m/e. Typically, a mass spectrum 1s OT 
by deflecting the ions onto a thin slit and detecting the ion current wit 


p 3 3 5 i re 
electrometer, The magnetic field is varied so that different types of ion a 
detected at different field values, 


mass spectrum A spectrum ob 


in which a beam of ions is 
ratio, 


masurium Former name 
the name technetium. 


- - ; raph 
tained with a mass spectrometer or spectr RE zi 
arranged in order of increasing charge to 


of element of At. No. 43; it was replaced in 1949 by 


matte A mixture of the sulphides of iron 
diate stage in the smelting of copper, Be. 

matter A specialized form of energy that has the attributes of mass and exte! 
sion in space and time. ; 1 

mauve Mauveine, aniline violet. A reddish-violet dye; a complex organic con} 
Pound, it was the first Organic dye to be prepared artificially. £f 

maximum (math.) A function y = f(x) has a maximum value atx = al fa) 
is greater than the values of the function immediately preceding and FAHI 
diately following x=a. The function has a minimum value at x = b : IR 
is less than the value of the function immediately preceding and immi 
ately following x = b. 

maximum and minimum thermometer See thermometer. 

maximum permissible dose (or level) See dose. 


maxwell The c.g.s. unit of magnetic flux. The flux through 1 square aber. 
normal to a magnetic field of Strength | gauss. 1 maxwell = 1078 weber. 
Named after James Clerk Maxwell (1831—79). m eM cr 

Maxwell-Boltzmann distribution A statistical equation giving. the REID 
Of velocities or positions of the molecules: in a gas; it is peed REN ie 
assumptions that all the particles are indistinguishable lee es 
equal Probability of appearing in a particular region. Ee al 
Clerk Maxwell (1831-79) and Ludwig Boltzmann (1844— 190. De 

mean (math.) Average. 1. See arithmetic mean. 2. See geometric mean. 
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MEISSNER EFFECT 


mean free path The average, or mean, distance travelled by a particle, atom, 


or molecule between collisions. In a gas, the mean free path between mole- 


cules is inversely proportional to the pressure. See kinetic theory of gases. 
that elapses between two colli- 


mean free time The average, or mean, time 
sions of a particle, atom, or molecule. 
mean life The reciprocal of the disintegration constant. 


mean solar day See solar day. 

mechanical advantage Force ratio. In a machine, th 
raised to the force required to maintain the machi 

mechanical equivalent of heat If H units of heat are completely converted into 
W units of work then W = JH, where J is a constant called the mechani- 
cal equivalent of heat, or Joule’s equivalent. J represents the amount of 
work obtainable by the complete conversion of unit quantity of heat into 
mechanical work. 1 calorie (15°) = 4.185 x 107 ergs; 1 British Thermal 
Unit = 778 ft Ib; i.e. J has the values of 4.185 x 10 ergs/calorie and 778 
ft Ib/Btu respectivly for these two sets of units. In ST units, W and H 
would both be measured in joules, and J would therefore equal 1. 

mechanics The branch of physical science dealing with the behaviour of mat- 
ter under the action of force. See dynamics; statistics; kinematics. s 1 

mechanistic theory The view that all biological phenomena may be explained 
in mechanical, physical, and chemical terms, 1n opposition to the vitalistic 


theory. 
median 1, A line joining a vertex of a triangle to the mid-point of the oppo- 
site side. 2. The middle number in a sequence of numbers. i 
median lethal dose (M)LDso- The dose of ionizing radiation that would kill 
50% of a large batch of organisms within a specified period. 
medium frequencies M.F. Radio frequencies in the range 300-3000 kilohertz. 
medulla The central part of certain bodily organ’, such as the adrenal glands, 
in which the medulla functions separately from the cortex, which surrounds 


it. 

Meerschaum Natural hydrated magn 
white solid used for tobacco pipes: 

mega- Prefix denoting one million times, 
loosely, denoting ‘very large’. 

megahertz MHz. | million hertz. 
per second. i ivali 

megaton bomb A nuclear weapon with an explosive pororaa AGY 
million tons of T.N.T. approximately 4 X 1015 joules): 

megohm ,One million ohms. Pardi 

meiosis The process ich the nucleus of a apoie ivi i 
to areas four iia calls — the gametes. Meiosis i5 divided into two 
stages, each of which occurs in four phases (prophase, metaphase, 
anaphase, and telophase), In the first stage the chromosct eco mieyaseocts 
ated in pairs and may exchange genetic material, after which they separate 
into two daughter nuclei, each with half the number of chromosomes of the 
parent nucleus. In the second stage the daughter nuclei reproduce by mito- 
sis, resulting in four haploid gametes. 

Meissner effect The reduction in the magnetic flux within a superconductor 
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e ratio of the actual load 
ine at constant speed. 


esium silicate, Mg) Si; Og.2H20. It is a 


in metric units; symbol M. More 


A measure of frequency equal to 10 cycles 


loid reproductive cell divides 


MELAMINE 


when it is cooled to below its critical temperature in a magnetic field. It was 
first noted by Walther Meissner. 

melamine CH;N,. Triaminotriazine. A white crystalline substance, m.p. 
354°C., that forms a thermosetting resin with formaldehyde. 


melanin Ci7H98033N} 45. A dark brown pigment produced in the skin cells 
called melanocytes. Skin 


are due to melanin. Peo 


melting point The constant temperature at which the solid and liquid phase of 


a substance are in equilibrium at a given pressure. Melting points are nor 
mally quoted for standard atmospheric pressure, y 

Mendeleev’s law See periodic law. Named after Dimitri Ivanovich Mendelee 
(1834— 1907). 


mendelevium Md. Transuranic element, At. No. 101. The most stable isotope, 


mendelevium—258, has a half-life of 60 days. le 
meniscus 1. The curved surface of a liquid in a vessel. If the contact angi É 
between the liquid and the wall of the vessel is less than 90°, the mennan 
is concave; if greater, the meniscus is convex, 2, A concavo-convex lens. 
Fig. 24, under lens. 
mensuration The measurement of lengths, areas, and volumes. 
menthol Ci;H, OH. One of a series of organic compounds of the camphor 
group. It is white crystalline terpene alcohol that occurs in natural oils, m.p- 
42°C., with a characteristic smell. It is used in medicine, 
mercaptans See thiols. 
mercaptide See thiolates, 1D 
mercuric A compound of mercury in its +2 oxidation state, e.g. mercury( 
chloride, mercuric chloride. (I) 
mercurous A compound of mercury in its +1 oxidation state, e.g. mercury! 
chloride, mercurous chloride. " distsn sermo 
Mel astr.) A planet with its orbit nearest the Sun. ean dista: 
the Sus 3791 million kilometers. Sidereal period (‘year’) = 87.969 days. 
Mass 0.054 that of the Earth, diameter 4840 kilometres. It has no atmos- 
phere and a day temperature of about 400°C. WN 
mercury Quicksilver, hydrargyrum. Hg. Element. R.a.m. 200.59. At. No. 80. dE 
liquid, silvery-white metal, r.d. 13.6, m.p. —39°C., b.p. 357*C., which o 
as cinnabar, HgS. It is extracted by roasting the ore in a current of air. t 
is used in thermometers, barometers, manometers, and other scientific apps 
ratus; alloys (called amalgams ) are used in dentistry. Compounds are poi 
Sonous; some are used in medicine. d S EUER 
merci cell A primary cell consisting of a zinc an le, a 
(Ul) oxide" (Hed) faked with eta hite (about 5%), and an CEA of 
potassium hydroxide (KOH) saturated with zinc oxide (ZnO). TR. i aa zi 
about L3 volts and by suitable design the cell can be made to 
about 0.3 ampere-hour per cm’, S 
mercury chines 1: Mero) chloride, mercurous chloride, calomel. 
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MESOSPHERE 


Hg;Ch. A white insoluble powder, m.p. 3*C. used in medicine and as a 
fungicide. 2. Mercury(Il) chloride, mercuric chloride, corrosive sublimate. 
HgCl,. A poisonous white soluble salt, m.p. 276°C., used as an antiseptic 
and to make other mercury compounds. — ^ 

mercury cyanate Fulminate of mercury, mercuric fulminate. Hg(ONC);. A 
white crystalline substance that explodes on being struck and is therefore 
used in detonators to initiate explosions. 

mercury(II) oxide HgO. A soluble poisonous powder that occurs as either 
yellow or red crystals; it is used as a pigment and as an antiseptic. 

mercury(II) sulphide HgS. An insoluble substance that occurs naturally as cin- 
nabar. The pure compound is a red powder, m.p. 583.5°C., which is used 
as a pigment, known as vermilion. 

mercury-vapour lamp A lamp emitting a 
an electric current through. mercury v 
ultraviolet radiations; used in artificial sun 
ing. See also fluorescent lamp. 

meridian, celestial The great circle of t 
zenith and the celestial poles, meeting 
North and South points. 

meridian, magnetic See magnetic meridian. 

meridian, terrestrial Meridian of longitude. An 
round the Earth that passes through both poles. 

mescaline C,;H,7NO3. A white soluble crystalline powder, m.p. 33-36*C., 
Obtained from the mescal cactus and used as a hallucinogen. 

mesitylene C; H3(CH3)s. 1,3,5-trimethylbenzene. A colourless aromatic liquid 


hydrocarbon, b.p. 164.7°C., that occurs in coal-tar and is used in organic 
Synthesis. 


mesityl oxide (CH3)2 
as a solvent and in organ 

meso- A prefix indicating that a sul 
molecular compensation. 


mesomerism See resonance. REM "E i 
meso: roup of unstable particles belonging to the class called hadrons. 
They TU Pa a quark and its antiquark. See also elementary particles, 
Positive, negative, and neutral mesons exist; when charged the magnitude 
of the charge is equal to that of the electron. Mesons are found in cosmic 
rays and are emitted by nuclei under bombardment by high ezergy parti- 
cles. Muons were originally called p-mesons, but they are now classified as 
leptons rather than mee t 
Phases intermediate between crystalline and liquid ph: 
mesophases i ERAN phases (see 
liquid crystals: cybotaxis ) Three. different types are recognized: smectic. 
cholesteric crystals, in accordance with the different arrange- 
3 


strong bluish light by the passage of 
apour in a bulb. The light is rich in 
-ray treatment and in street light- 


he celestial sphere passing through the 
the horizon at points called the 


imaginary great circle drawn 


C:CHCOCH3. A colourless oily liquid, b.p. 130°C., used 
ic synthesis. 
bstance is optically inactive due to intra- 


s and 
rer the molecules in them. 
1. The region of the Earth’s atmosphere bi i 
b are 0 sphere between the iono; 
pesi exosphere, extending from about 464 kilometres to 1000 MEME 
the Earth's surface. It is sometimes considered to be part of the 


above = 
exosphere- 2. The region of the Earth's atmosphere between the stratosphere 
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MESYL 


z 3 : es 
and the thermosphere, extending from some 40 kilometres to 80 kilometr 
above the Earth's surface. 


mesyl Methylsulphonyl. The univalent radical CH3.SO,-. es: 

meta 1. Denoting positions separated by one atom in a hexagonal ring ir 
atoms, particularly the benzene. ring. Abbreviated to m- as a prefix in na = 
ing a compound; eg. m-dichlorobenzene is 1,3-dichlorobenzene. en 
ortho; para. 2. A prefix indicating an inorganic acid (or a correspondi 


hydration; e.g. metaphosphoric acid, HPO3, aS 
compared with orthophosphoric acid, H} PO,. 


cons are usually under the control of MEE 
of immense importance in the chemistry o king- 
Very similar throughout the plant and animal the 
therefore Corresponding similarities between 
enzymes manufactured by organisms. 

metabolite Any substance that takes part in the process of metabolism. mh 
metal A substance having a ‘metallic’ lustre and being malleable, Xo 

high relative density, and a good conductor of heat and electricity. Eleme 


1 
having such physical Properties to a greater or less degree are generally 


ne E T 3 = ides are 
electropositive and combine with oxygen to give bases; their chlorides 
stable towards water. A 


number of elements normally regarded as metals 
have only some of the above Properties. See metalloid. 
metaldehyde Meta, A whi 


d f 
te, volatile, flammable poisonous solid polymer © 


ethanal (acetaldehyde) CH;CHO. It is used as fuel in small heaters and as 
a slug killer, 


metallic crystals The type of crystal formed by most metals, in which the 


Outer electrons of the metallic atoms are shared by the crystal as a Mies 
Thus, the positively charged metal ions in the crystal /attice are Pu hat 
by a ‘gas’ of free electrons. These free electrons account for the fac 
most metals are good conductors of heat and electricity. ‘ally 
metallic soap An insoluble salt formed by a metal and a fatty acid (especial 


salts of lead and aluminium). It is used for waterproofing textiles and as a 
drier for paints. 


metallocene See ferrocene. 


metallography The study of the crystalline structure of metals and alloys. = 

metalloid An obsolescent term for an element having some properties chatecs 
teristic of metals and others of non-metals. An element giving rise i) S i 
amphoteric oxide (e.g. arsenic or antimony ). The terms 'semimetal' or ‘se: 
metallic element" have been Proposed as alternatives. , : 

metallurgy The science and technology of metals; in particular, the E 
of metals from their ore: , their heat treatment, and the compounding 
alloys. 3^ ] 

metamerism A type of isomerism exhibited by organic Pr HEN Tod 
chemical class or type; it is caused by the attachment of diffe 
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METHANE 


io the same central atom or group. E.g. diethyl ether (C2H5) 0, and 
methyl propyl ether, CH3OC3H;. = 

metamict minerals Minerals in which the crystalline structure has been dis- 
rupted by alpha particles produced by radioactive nuclei within the minerals. 

metamorphic. rock Rock, such as marble or slate, formed from existing rock, 
such as limestone and shale respectively, by heat, pressure, or chemical 
fluids. Compare igneous rock; sedimentary rock. 

metaphosphoric acid See phosphoric acids. 

metastable state (chem.) The state of supercooled water (see supercooling ) or 
of supersaturated solutions (see supersaturation ) in which the phase that is 


normally stable under the given conditions does not form unless a small 


amount of the normally stable phase is already present. Thus supercooled 
C. until a small crystal of ice is 


water will remain as liquid water below 0° 
introduced. 
Metastable state (phys.) An excited state (see excitation) of an atom or 
nucleus that has an appreciable life-time. 
metathesis (chem.) See double decomposition. 
Meteor A solid body from outer space. A meteor becomes incandescent 
(‘shooting star’) on entering the Earth's atmosphere owing, to the frictional 
forces set up at its surface. Small meteors burn up completely in the atmos- 
phere, but some of the larger ones survive and fall to Earth as meteorites. 
Meteorites are of two kinds, those that are predominantly stone and those 
predominantly iron. The largest meteorites can weigh up to 100 tons. Every 
s enter the Earth's atmosphere and some 10 tons 


day some million meteor 
of meteorite material are added to the planet's surface. See also micromete- 


orite, 
meteorite See meteor. 
meteorology The scienci 
atmospheric pressure, temp 
conclusions as to the forth! s 
meteor showers Exceptionally heavy falls of meteors (about 20 times greater 
than the average) that enter the Earth’s atmosphere when the Earth's orbit 
crosses the orbit of a comet, i.e. an orbit that contains either the material 


of which comets are made or into which they disintegrate. 


-meter Suffix denoting measurer; €. voltmeter. 


methacrylate A salt or ester of methacrylic acid. pe 

methacrylic acid 2-methylpropenoic acid. CH5:C(CH3)COOH. A corrosive liq- 
uid, mp. 15°C. b.p. 163°C. The polymer of its methyl ester, methyl 
methacrylate, is an important plastic (Perspex*)- 

methanal Formaldehyde. HCHO. A gas with an irritating smell, b.p. —19*C. 
The simplest aldehyde, it is made by oxidizing methanol at 500°C with air 

over a silver catalyst. A trimer, methanal trimer, C,0,Hg, consisting of 
alternate -O- and -CH)- groups in a six-membered ring, forms when an 
acidic solution of methanal is distilled. A solid polymer, polymethanal (see 
paraformaldehyde), is formed by evaporating an aqueous solution of 
methanal. See also formalin. 3, 

methanal trimer See methanal. 


methane Marsh gas, fire-damp, CH4. The first hydrocarbon of the alkane 
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methanol Methyl alcohol, wood 


spirit. CH;OH. A colourless, poisonous liq- 
uid, b.p. 64.6°., formerly obtai: 


ive distil- 
ned as wood naptha by the uncut 
the catalytic oxidation of methane, i 


in casein, wool, and other proteins, used in 
iseases. See Appendix, Table 5. 

methoxy The univalent radical, CH,0-. vui 
methoxybenzene Anisole, methyl phenyl ether. CH; OC; H;. A colourles 


3 as a 
uid with an aromatic odour, b.p. 155.4°C., used in perfumes and 
vermicide. 


methyl The univalent organic radical CH;-. 
methyl alcohol Sec methanol. 


2: A gas with an odour of ammonia, b.p. see 95% 
liquid fuel Consisting, by volume, of 90% ethanol, 9. 


Bre ae it 
methylated spirit, industria] A variety of methylated spirit free from pyridine; i 
consists of ethanol with 5% methanol. benzene 
methylbenzene Toluene, toluol. C6 H5CH}. A hydrocarbon o then ad bp 
flammable liquid with a characteristic odour, For 
110°C. It occurs in coal-tar or can be made from methylcyclohexane N.T. 
as a solvent and in the manufacture of T.N.T., 


ethylene See carbene. 3 
cen blue CisHig Ni5SCI. A soluble, intense blue dye. Used as a dyes: 
tuff, in medicine, and as a stain in biology. 
methyl methacrylate See methacrylic acid; Peace ale, 
droxymethyl. The univalent radi Haa 3 uc 
etian GAHAN NAS An orange indicator, used in acid-base titra: 
tions. It is red below a pH of 3.1 and yellow above 44. X : ae 
methylphenols Cresols. CH;C,H,OH. A liquid aromatic mixture o! comp. 
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obtained from coal-tar. Consisting of three isomers, which boil in the range 
191—203*C., they are used in the plastics, explosives, and dye industries, 
and as a disinfectant (see Lysol ). 

2-methylpropenoic acid See methacrylic acid. 

methylpyridine See picoline. 

methyl red C,;H,;N30 . A dark red indicator, used in acid-base titrations. It 
is red below a pH of 4.4 and yellow above 6.0. 

methyl salicylate Oil of wintergreen, methyl 2-hydroxybenzenecarboxylate. 
OH.C;H4,COOCH;. A colourless oil, b.p. 223.3°C., used in flavours, per- 
fumes, and medicine. ; 

metol 4-methylaminophenol. CH; NH.CgH4OH. A white crystalline compound, 
m.p. 87°C. It is used as a developer in photography. The same name is 
Often applied to the sulphate of the compound. 

metre m. The SI unit of length, defined since 1983 as the length of the path 
travelled by light during 1/299 792458 of a second. The unit was intro- 
duced in France in 1791 with the metric system and was intended to be Uu 
10000000 of the quadrant of the Earth's meridian passing through Paris. 
The surveys attempting to establish this standard proved unworkable and 
in 1793 the original metre bar, made of platinum and known as the mètre 
des archives, as made. This was relaced in 1960 by a definition based on 
1650 763.73 wavelengths of the radiation emitted in the transition 2p; to 
Sds of the nuclide krypton-86. One metre is equal to 39.3701 inches. 

metre bridge See Wheatstone bridge. 

metre-candle See lux. ^ 

metric system (units) A system of weights and measures originally based upon 
the metre. See weight; volume; length (metric units of); c.g.s. system; m.k.s. 


System; SI units. 
metric ton Tonne. 1000 Kilograms; 2204.61 Ib, 0.9842 ton. 
metrology The scientific study of weights and measures. 
MeV Million electron-volts. 


MHD See magnetohydrodynamics. - 
mho Reciprocal ohm. The unit of electrical conductance now known as the 


Siemens. . , 
i 7 i hich are muscovite 
mica A group of minerals, the most important of wl ite, 
H3 KAL(SIO,)s. and phlogopite, Hz KM; AKSiO, Naturally occurring 
mica can be split along its cleavages into small thick pieces (‘blocks’) or 
thin sheets (‘splittings’). Being an excellent insulator and being resistant to 


high temperatures, mica is used as a dielectric in capacitors, as a support for 
electrodes in thermionic valves, and for heating elements in irons, etc. As 
mica is also transparent it is used for inspection windows of furnaces. 
Micanite* sheet is manufactured by bonding mica splittings with shellac or 
synthetic resins. gah H 
micelle A cluster or group of associated (see association ) molecules, especially 
in a colloidal solution. 4 
Michelson-Morley experiment An attempt to measure the velocity of the Earth 
through the ether, by measuring the effect thin such a velocity would have 
upon the speed of /ight. No such motion of the Earth relative to the ether 
was detected: a result of the greatest importance for the theory of relativity, 
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It also led to the abandonment of the ether concept. Named after Albert 
A. Michelson (1852-1931) and Edward Morley (1838—1923). 

micro- 1. Prefix denoting one-millionth, in metric units. Symbol y. 2. Prefix 
meaning ‘very small’; on a small scale. See also macro-. 

microbalance A balance for weighing objects of very small weight, i.c. of the 
order of 10-3 to 10-6 g > 

microbiology The branch of biology concerned with the structure and function 
of microorganisms. 

microcomputer A small 
trol unit. It usually in 
Memory is usually o 
word processor. 


microcosmic salt See ammonium sodium hydrogen orthophosphate. 


microelectronics The design, manufacture, and use of electronic units using 


extremely small solid-state components, especially those based on integrated 
circuits and silicon chips. 


microfarad uF. One-millionth of a farad. E 
micrometeorite A meteor with a diameter of less than 1 mm. The senn 
atmospheric friction and reach the surface of the Earth because their sma! 
mass compared to their relatively large surface area enables them to radiate 

away the heat produced by friction before they vaporize. 


micrometer An instrument for the accurate measurement of small distances Or 
angles. 


microminiaturization The techniques or the devices used in microelectronics. 
micron One-millionth of a metre, The former name for a micrometre. 


microorganism A unicellular organism that can only be seen with the aid of a 
microscope. 


personal computer using a microprocessor as its roi 
cludes a VDU and a printer, and an input keyboard. 
n floppy disks or cassettes. See also minicomputer; 


microphone A device for converting sound waves into electrical. energy, which 
may then be reconverted into sound after transmission by wire or radio. 
One common lype consists of a diaphragm in contact with, or close D 
loosely packed carbon granules. The vibration of the diaphragm set up 1 
Sound disturbs the packing of the carbon granules and alters the electrical 
resistance of the carbon. Thus an electric current flowing through the car- 
bon will vary in a manner that depends upon the frequency and intensity 
of the vibrations produced by the sound on the diaphragm. See also con- 
denser microphone; crystal microphone. as 
microphotometer A special form of densitometer enabling density variations 
Over a very small area of the image to be measured, ; 
microprocessor A semiconductor chip or set of chips that functions as x 
central processing unit of a microcomputer. They were introduced in 
1970s and their peformance has steadily improved since then. i 
microscope, compound An instrument consisting essentially of two ERE 
lenses or systems of lenses called the objective and the eye-piece ERE 
The objective, which is nearest the viewed object, forms a real verted 
Magnified image of the object just inside the focal distance (see de 
length) of the eye-piece. This image is viewed through the eye-piece, m 
then acts as a simple microscope producing an inverted furere ec 
virtual image. See Fig. 26. The useful magnification obtainable with an Opti- 
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cal microscope is limited by the wavelength of visible light as two points on 
a microscopic specimen cannot be distinguished from each other if they are 
not as far apart as half the wavelength of the light used to illuminate them. 
Thus for magnifications in excess of about 1500, an ultraviolet microscope 


or an electron microscope must be used. 


PRINCIPLE OF COMPOUND MICROSCOPE 


OBJECT 


OBJECTIVE 


EYE-PIECE, | S SESS 
INTERMEDIATE 
FINAL 
REALIMAGE — /fANA 


IMAGE 


Figure 26. 


glass. A convex lens used to produce a virtual 


microscope, simple Magnifying 
r 2 object. In Fig. 26, the eye-piece is used as a 


image larger than the viewed 

Simple microscope. 
microtome An apparatus for cutting t 

cal examination. 


hin sections of material, for microscopi- 


microwave background Electromagnetic radiation of wavelengths in the micro- 
wave range that occur in space and are thought to have originated in the 
big bang with which the Universe began (see big-bang theory } The energy 
density of this radiation in space is of the order 107 5]m- 

microwaves Electromagnetic radiation with wavelengths ranging from very short 
radio waves almost to the infrared region; i.e. wavelengths from 30 cm to 1 


mm. 

microwave spectroscopy The measurement of the absorption or emission of 
electromagnetic radiation in the waveband 0.1 mm to 10 cm by atomic or 
molecular systems. See electron spin res 

mil One thousandth of an inch. 

milk The fluid secreted by female mammals to provide food for their off- 
spring. Cows’ milk contains 3.3% protein, 3.6% lipids, 4.7% lactose, and up 
io 88% water, with some vitamins and minerals. The composition varies 
from species to species; human milk contains more lactose and less protein 
than cows’ milk. 

milk of lime A suspension of lime in water. 

milk sugar See /actose. 

Milky Way Originally the luminous band of stars encircling the heavens. It is 
now known that these stars are members of the Galaxy to which the Solar 
peer belongs, and the Galaxy is therefore often referred to as the Milky 


'onance. 
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milli- Prefix denoting one thousandth, in metric units. Symbol m. 
milliammeter A sensitive ammeter graduated to measure milliamperes. 
milliampere mA. 1/1000 ampere. 

millibar A unit of atmospheric pressure, used in meteorology. 1000 dynes per 


Square centimetre or 100 pascals approximately equal to 1/32 inch of mer- 
cury. See pressure, units of. 


milligram mg. 1/1000 gram; 0.0154 grain. 
millilitre ml. 1/1000 litre. 


millimetre mm. 1/1000 metre; 0.0393701 inch. See length, 


mineral A natural inorganic substance havin; 
characteristic range and s 
many minerals end in -ite. 

mineral oil See paraffin oil; petroleum. 

minicomputer Originally a computer that could be contained in a single desk- 
top cabinet. The term was introduced before the term microcomputer, which 
now encompasses the devices formerly called minicomputers. 


minim British fluid measure; 1/60 of a fluid drachm; 0.0591 cm?. See apothe- 
caries’ fluid measure. 


minimum (math.) See maximum. 

minium See lead oxides. 

minority carriers In a semiconductor, the type of carrier that constitutes less 
than half the total number of carriers. 

minor planets See asteroids. 

mirror A surface that reflects regularly most of the light falling upon it, thus 
forming images. See mirrors, spherical; reflection. 

mirror image An image of an ol 


such a way that the image b 
hand to a left. 


metric units. 
g a chemical composition in i 
pecific properties. See also rock. The names © 


bject as viewed in a mirror; it is reversed m 
ears to the object the same relation as a righi 


mirrors, spherical Mirrors the reflecting surfaces of which form a portion of F 
sphere. The surface of such a mirror may be regarded as being made up o! 
an infinitely large number of very small plane mirrors, each at a tangent 10 
the curve of the mirror. Thus a ray of incident light would be reflected at 
any point as if from such a small plane mirror. Spherical mirrors may be 
convex, with the reflecting surface on the outside of the sphere, or concave. 
The centre and radius of the sphere of which the mirror is considered to 
form a part, are called the centre and radius of curvature; the centre of ipe 
mirror is the pole, and the line joining the centre of curvature to the pole 
is the axis. The principal focus (see focus) is at a point halfway penen 
the pole and the centre of curvature. Regarding all distances as measai 
from the mirror and taking all distances in the direction opposite to that ol 


the incident light as positive, the following relationship holds for spherical 
mirrors: 


l/v + Vu = Vf = 2/r, 

where u and v are the distances of object and image from the mirror, r the 
radius of curvature, and f the focal length. See Fig. 27. 

Misch metal An alloy of cerium with small amounts of other rare earth met- 
als. 1t is used for ‘flints’ in automatic lighters. 
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CONCAVE MIRROR CONVEX MIRROR 


CENTRE OF 
r, CURVATURE 


CENTRE OF 
CURVATURE 
AE 


a 
/ 


REAL 
PRINCIPAL 
FOCUS 


/ VIRTUAL 
PRINCIPAL 
FOCUS 


f — focal length 


r — radius of curvature — 2f 


Figure 27. 


to form a homogenous substance; it is usu- 
ally applied to liquids, €.8. water and alcohol are completely miscible. 

mispickel Arsenical pyrites. A natural sulphide of iron and arsenic, FeAsS. 

mist Droplets of water, formed by the condensation of water-vapour on dust 


particles. 
mitochondria Minute rod-shaped or granular bodies, about 1-3 um in diame- 
ter or length, that occur in the cytoplasm of most cells. Mitochondria con- 
tain many of the enzymes of the cell, particularly those required by the 
citric-acid cycle. 
mitosis The process by which 


divided into four stages. 1. Prophase, è 
appear as duplicated ad, which become shorter and thicker. 2. Meta- 


phase, during which the nuclear membrane dissolves and a spindle forms, 
to the centre of which the chromosomes attach themselves. 3. Anaphase, 
during which the duplicates of the chromosomes separate and migrate to 


the ends of the spindle. 4. Telophase, during which two nuclear membranes 
form, each enclosing one set of chromosomes. The cyroplasm also divides in 
h containing a set 


this stage, so that two new diploid cells are formed, eac] 

of chromosomes identical to that of the parent cell. 
mixed crystals See solid solutions. 
mixtures Mechanical mixtures. Mix! 


miscible Capable of being mixed 


the nuclei of diploid cells reproduce. It is 
during which the chromosomes 


tures differ from chemical compounds in 
the following respects: 1. The constituents may be separated by suitable 
physical or mechanical means. 2. Most mixtures may be made in all pro- 
portions; in the case of solutions, which fray be regarded as molecular 
mixtures, there are often limits of solubility. 3. No heat effect (except in the 
case of solutions) is produced on formation; the formation of chemical 
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compounds is invariably accompanied by the evolution or absorption of 
energy in the form of heat. 4. The Properties of a mixture are an aggregate 
of the properties of the constituents, whereas a compound has individual 
Properties, often quite unlike those of the component elements. 

mks. system A system of units derived from the metre, kilogram, and second. 
SI units, which are based on the m.k.s. system, are now used for all scien- 
tific purposes. 

MMF See magnetomotive force. 

mmHg A unit of pressure equal to one millimetre of mercury. | mmHg — 
133.322 pascals. 

moderator A substance used in nuclear reactors to reduce the speed of fast 
neutrons produced by nuclear fission. These substances consist of atoms of 
light elements (e.g. deuterium in heavy water, graphite, beryllium ) to which 

of their energy on collision, without 

been slowed down in this way are 

of uranium-235 than they are to be 


being captured. Neutrons which have 
much more likely to cause new fissions 
captured by uranium-238. 


modulation The process of varying some characteristic of one wave (usually a 
radio frequency carrier Wave) in accordance with some. characteristic of 
another wave, The main lypes are amplitude, frequency, and phase modula- 
tion. See also velocity modulation. 

module 1. A unit used as a standard, especially in architecture. 2. A detacha- 
ble section of a spacecraft. 3. A. detachable unit in a computer system. 

modulus 1. A constant factor or multiplier for the conversion of units from 
one system to another. See also elastic modulus. 2. See Argand diagram. 3. 
See absolute value. 

Moebius strip A rectangular ribbon-shaped strip of Paper or material one end 
of which has been twisted through 180 degrees before attaching it to the 
other end. This forms a single continuous surface, bounded by a continu- 
ous curve. Named after A. F, Moebius (1790-1868). 

Moho Mohorovicic discontinuity. The discontinuity between the Earth’s crust 
and its underlying mantle. It lies some 30—40 kilometres below the surface 
of the land and some 5-12 kilometres below the ocean floor. Earthquake 
Waves suffer an abrupt increase of speed at this discontinuity. Named after 
Andrija Mohorovicic (1857-1936). 

Mohs scale of hardness A scale in which each mineral listed is softer than 
(ie. is scratched by) all those below it. 1. Talc. 2. Gypsum. 3. Calcite. 4. 
Fluorite. 5. Apatite. 6. Orthoclase. 7. Quartz. 8. Topaz. 9. Corundum. 10. 
Diamond. Named after Friedrich Mohs (1773-1839). 

molality A method of expressing the strength of a solution (see also concentra- 
tion ): the number of moles of solute per kilogram of solvent. F 

molar. When the adjective ‘molar’ is used before the name of an extensive 
physical property, it implies ‘divided by the amount of substance’. This 
usually, but not always, means ‘per mole’. It is often denoted by the use of 
the subscript m, e.g. Vm for molar volume. In some exceptional cases 
‘molar is used to mean ‘divided by concentration’. 


molar concentration The concentration of a solution expressed in moles per 
unit volume. 
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molar electrode potential See electromotive series. 

molar heat capacity Cm. The heat capacity of a substance, divided by the 
amount of substance. The amount of heat required to raise the temperature 
of 1 mole of a substance by l kelvin. Expressed in joules per mole per 
kelvin (SI units), or calories per gram-molecule per °C. (cg.s. units). See 
also atomic heat. 

molarity A former word for concentration expressed in moles of solute per 
cubic decimetre of solvent. However, owing to its confusion with molality its 
use for this purpose is now deprecated. 

molar solution An obsolete expression for a solution with a concentration of 1 
mole per dm?. 

molar volume Molecular volume. Vm- The volume occupied by 1 mole of a 
Substance. All gases have approximately equal molar volumes under the 
same conditions of temperature and pressure. At 760 mmHg and 0°C., the 
molar yolume of a perfect gas is 22.415 dm? per mole. 

mole The basic SZ unit of amount of substance. The amount of substance 
that contains as many elementary units as there are atoms in 0.012 kg of 
carbon-12. The elementary units must be specified and may be an atom, 
molecule, ion, radical, electron, etc., or a specified group of such entities. 
For example, 1 mole of HCl has a mass of 36.46 g: ie. 1 mole of a 
compound has a mass equal to its relative molecular mass in grams. 1 mole 
of electrons has a mass of 5.486 X 107^ g, ie. m, X Na (see Appendix, 


Table 2). , 
The mole replaces such former units as the gram-atom, gram-molecule, 


gram-ion, and gram equivalent. Symbol mol. 

molecular biology The study of the structure. of the molecules, such as proteins. 
and nucleic acids, that are of importance in biology. 

molecular compounds Chemical compounds formed by the chemical combina- 
tion of two or more complete molecules. E.g. the Aydrates of salts. 

molecular distillation The evaporation of molecules from a surface, at pressures 
of about 1072 mmHg, and their subsequent condensation under such condi- 
tions that their mean free path is of the same order as the distance between 
the heated and cooled surfaces. It is used for isotope separation and distil- 


ling heat-sensitive organic compounds. 4 1 
molecular formula A formula of a chemical compound, showing thepaad end 
the number of atoms present in the molecule, but not their arrangement, 
See structural formula. 
molecular orbital See orbital. "m 
molecular sieves Highly porous aluminosilicate adsorbents, containing pores 
(lattice vacancies) of uniform size, that are selective in their action with 
respect to molecules of a particular size and character. They are used as 
drying agents and in the purification of fluids. The pores can also contain 
substances, such as catalysts, that can be isolated from their chemical envi- 
ronment until released by heating. x 
molecular spectrum The spectrum emit! 
tions between different states of mo 
molecular volume See molar volume. 
molecular weight See relative molecular mass. 
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molecule The smallest portion of a substance capable of existing indepen- 
dently and retaining the properties of the original substance. t 

mole fraction Mol fraction. The ratio of the number of moles of a particular 
component of a mixture, to the total number of moles present in the mix- 
ture. 

molybdate A salt of molybdic acid. 


molybdenum Mo. Element. R.a.m. 95.94, At. No. 42. A hard white metal 
resembling iron, r.d. 10.2, m.p. 2620°C., b.p. 5560°C., that occurs as 
molybdenite, MoS. It is extracted by roasting the ore and reducing the 
oxide so formed in an electric furnace with carbon. It is used for special 
steels and alloys and the sulphide is used as a lubricant. 

molybdenum trioxide Molybdic anhydride MoO. A yellow crystalline sub- 
stance, m.p. 795°C., used in the manufacture of molybdenum compounds. 

molybdic acid H;MoO;. A yellow crystalline substance that loses a molecule 
of water at 70*C. to form molybdenum trioxide (molybdic anhydride). 

moment, magnetic See magnetic moment. 

moment of force A measure of the tendency of a force to cause angular 
acceleration of the body to which it is applied. It is measured by multiply- 
ing the magnitude of the force by the perpendicular distance from the line 
of action of the force to the axis of rotation. 

moment of inertia The moment of inertia 7 of a body about any axis is the 
sum of the products of the mass, dm, of each element of the body and the 
square of r, its distance from the axis. 7 = Xr?dy;, If the body is subjected 
lo a torque T, giving it an angular acceleration a, then I = T/a. 

momentum The product of the mass and the velocity of a body. For speeds 
approaching that of light, the variation of mass with velocity must be taken 
into account, and the value of m appropriate to the yelocity of the body 
must be used in the expression for the momentum. See relativistic mass. 

momentum, conservation of See conservation of momentum. 

monad An element having a valence of one. 

monatomic molecule A molecule of an element, consisting of a single atom of 
the clement. E.g. the molecules of the inert gases. 

monazite A mineral containing Phosphates of cerium, thorium, and other rare 
earths, with some occluded helium. 

Mond process The extraction of nickel by the action of carbon monoxide, CO, 
on the impure metal. This gives nickel carbonyl, Ni(CO),, a gas that 
decomposes when heated to 200°C. into pure nickel and carbon monoxide, 
the latter being used again. Named after Ludwig Mond (1839-1909). 

Monel metal* An alloy of copper (25%—35%), nickel (60%—70%) and small 
amounts of iron, manganese, silicon, and carbon. It is used as an acid- 
resisting material in chemical industry. 

mono- Prefix denoting one, single. 

monobasic acid An acid having one atom of acidic hydrogen in a molecule; an 
acid giving rise to only one series of salts. E.g. nitric acid, HNO3. 

monochromatic radiation Radiation consisting of vibrations of the same or 


nearly the same frequency; especially light of one colour. Compare polychro- 
matic radiation. 
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monoclinic Relating to crystals that have three unequal axes with one oblique 
Intersection. 

monohydrate Containing one molecule of water. 

monohydric Containing one hydroxyl group in a molecule. 

monolayer Monomolecular layer. A layer or film one molecule thick. 

monomer A chemical compound consisting of single molecules, as opposed to a 
polymer, the molecules of which are built up by the repeated union of 
monomer molecules. See polymerization. 

monosaccharides Simple sugars. A group of carbohydrates consisting chiefly of 
sugars having a molecular formula, Cg H,50g (hexoses) or CsH) Os (pen- 
toses ); unlike the polysaccharides, they cannot be hydrolyzed to give simple 
sugars. Monosaccharides are either aldoses, containing a —CHO group, or 
ketoses, containing a —CO— group. 

monosodium glutamate See sodium hydrogen glutamate. 

monotropic Existing in only one stable physical form, any other form obtaina- 
ble being unstable under all conditions. 

monoyalent Univalent. Having a valence of one. 

month The ‘solar month’ is one twelfth of a solar year. The ‘calendar month’ 
is any of the twelve divisions of the year according to the Gregorian calen- 
dar. The ‘lunar month’ is the time taken for the Moon to complete one 
orbit of the Earth. This may be measured in various ways. The ‘synodic 
month’ is the period between two successive phases of the Moon, equal to 
29.5306 days. The ‘sidereal month’ is the Moon’s period with respect to 
successive conjunctions with a star, equal to 27.3217 days. The ‘anomalistic 
month’ is the Moon’s period between two successive perigees, equal to 
27.5546 days. The ‘Draconic month’ is the Moon’s period with respect to 
two successive similar nodes, equal to 27.2122 days. 

Moon The only satellite of the Earth. Mean distance from the Earth 384 400 
kilometres; synodic month 29.5306 days, sidereal month 27.3217 days. Mass 
0.0123 that of the Earth; diameter 3476 kilometres. It is devoid of water or 
an atmosphere. Man first set foot on the Moon in July 1969. 

mordants Substances used in dyeing, especially fabrics of plant origin. The 
fabric is first impregnated with the mordant, which is generally a basic 
metal hydroxide for acidic dyes, or an acidic substance for basic dyes. The 
dye then reacts chemically with the mordant forming an insoluble /ake, 
which is firmly attached to the fabric. 

morphine C;7H;903N. A white crystalline alkaloid that occurs in opium, m.p. 
253°C. It is a powerful narcotic, used medically in the form of its sulphate 
or hydrochloride for relieving pain, but it is habit-forming and its misuse 
can be dangerous. : 

morpholine O(CH; CH;); NH. A colourless Aygroscopic liquid, b.p. 128*C., 
used as a solvent for resins and waxes. 

morphology The study of the form and structure of organisms. 

mortar A building material consisting mainly of lime and sand hat hardens 
on exposure through chemical action between the ingredients and atmos- 
pheric carbon dioxide. 

mosaic 1. In televison cameras (see camera, television ), a device for the elec- 
trical storage of the optical image. It usually consists of a sheet of mica 
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one side of which is covered with mutally insulated particles of a photo- 
emissive material, each of which is capacitively coupled through the mica to 
a conducting coating on the reverse side. This conducting coating, called 
the signal plate, is the output electrode from which the electrical signal 
representing the optical image is obtained. 2. In nuclear physics, a photomi- 
crograph of a track in an emulsion, prepared from a number of photographs 


of consecutive fields of view and reconstructed as though the track lay in 
one plane. 


mosaic gold Crystalline tin(IV) sulphide, SnS?, consisting of shining, golden- 
yellow scales. 

Missbauer effect The discovery by R. L. Móssbauer (born 1929) in 1957 that 
in certain cases appreciable fractions of the gamma-ray spectrum emitted by 
some excited (see excitation) nuclei may be undisturbed by nuclear recoil 
or lattice vibrations and the consequent Doppler effects. The Móssbaucr 
effect has been used to test the predictions of the theory of relativity and to 
investigate the properties of the solid state and the nature of magnetism. 

mother-liquor A solution from which substances are crystallized. 
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Figure 28. 


motion, equations of Kinematic equations that apply to bodies moving with 
uniform acceleration, a; the equations numbered (1)-(4) below. In the 
velocity-time graph (Fig. 28): 
Gradient of AB = tan a = a 
therefore BC = r.tan a = at 
and BD = v = final velocity 
hence y = u + at...(1) where u is the initial velocity. 
The area under AB equals the distance covered, s, 
therefore s = area ACDO + area ABC 
ie.s = u + Vat?..(2) A 
Also, using (1); s = ut + Xv — u)t 
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ors = (u + v)t/2...(3) 
Combining (1) & (2), v? = u? + 2as...(4). 

motion, laws of See Newton's laws of motion. 

motor A device for converting other forms of energy into mechanical energy. 
The most common forms are the internal-combustion engine and the electric 
motor. 

moving-coil ammeter See ammeter. 

moving-iron ammeter See ammeter. 

mucoproteins Glycoproteins. Proteins that contain a carbohydrate group. 

multicellular (Of an organism) Consisting of more than one cell. 

multimeter An electrical measuring instrument that functions as a voltmeter 
and ammeter over various ranges. It usually also has an internal dry battery 
to enable it to function as an ohmmeter. Usually a moving-coil instrument, 
it has a number of switches to incorporate series or parallel resistors in the 
circuits. 

multiple proportions, law of See chemical combination, laws of. 

multiple star A system of stars consisting, of three or more components held 
together by gravitation. 

multiplet 1. A line in a spectrum formed by two or more closely spaced lines 
and resulting from small differences of energy level in the atoms or mole- 
cules, 2. A group of related elementary particles that differ only in electric 
charge. 

multiplication constant (factor) The ‘effective’ multiplication constant of a 
nuclear reactor is the ratio of the average number of neutrons produced by 
nuclear fission per unit time, to the total number of neutrons absorbed or 
leaking out in the same time. See subcritical; supercritical. 

multiplicity 1. The number of energy levels into which an atom or nucleus 
splits as a result of coupling between orbital angular momentum and spin 
angular momentum. 2. The number of elementary particles in a multiplet. 

Mumetal* A ferromagnetic alloy of high magnetic permeability containing up 
to 78% nickel in addition to iron, copper, and manganese and some chro- 
mium and molybdenum in modern alloys. It is used for transformer cores 
and magnetic shielding. 

Muntz metal* An alloy containing 3 parts of copper and 2 parts of zinc. It is 
used where a particularly strong brass is required. 

muon p-meson. An elementary particle with a mass 207 times that of an 
electron; it exists in negatively and positively charged forms. It was origi- 
nally so called as it was classified as a meson. However as these particles 
have spin Y}, they are now classified as leptons. 

muriate Obsolete term for chloride. 

muriatic acid Obsolete term for hydrochloric acid. 

muscovite See mica. 

mustard gas Dichlorodiethyl sulphide. (CH, CH, Cl))S. An oily /iquid that has 
been used as a war gas. It is destroyed by oxidizing agents, e.g. bleaching 
powder. 9, 

mutagen A substance that produces mutations. 

mutarotation A change in the optical rotation of a substance. 
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mutation A change in the chemical constitution of the DNA in the chromo- 
somes of an organism: the changes are normally restricted to individual 
genes, but occasionally involve serious alteration to whole chromosomes. 
When a mutation occurs in gametes or gametocytes an inherited change 
may be produced in the characteristics of the organisms that develop from 
them. Mutation is one of the ways in which genetic variation is produced 
in organisms (see meiosis; natural selection ). A somatic mutation is one that 
occurs to a body cell, and is consequently passed on to all the cells derived 
from it by mitosis. Natural mutations, at this stage of biological evolution. 
when they occur in the cells of higher animals, almost always produce 
deleterious characteristics. Both natural and artificial mutations can be 
brought about by ionizing radiation (hence the genetic and carcinogenic 
dangers of nuclear weapons ) and by certain chemical substances. F 

mutual conductance The ratio of the change of anode current to the change 1m 
control-grid voltage, when a small change is made to the control-grid volt- 
age in a thermionic valve. It is used as a measure of the valve's perform- 
ance. See also transconductance. " 

mutual induction The induction of an E.M.F. in a circuit due to a changing 
current in a separate circuit with which it is magnetically linked. The 
induced E.M.F. is proportional to the rate of change of the current 1n the 
second circuit, the constant of proportionality being called the coefficient of 
mutual induction, or the mutual inductance. The derived S7 unit of mutual 
inductance is the henry. 

mycology The branch of botany concerned with fungi. 

mydriatic A substance used to dilate the pupil of the eye. 

myoglobin A form of haemoglobin that occurs in muscle fibres. 

myopia Short sight. A defect of vision in which the subject is unable to see 


distant objects distinctly. It is corrected by the use of concave spectacle 
lenses. 
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nadir (astr. The lowest point; the point opposite the zenith on the celestial 
sphere. See Fig. 2 under azimuth. 

nano- Prefix indicating one thousand millionth. E.g. a nanosecond is 10-? 
second and a nanometre is 107° metre. Symbol n. 

naphtha A mixture of hydrocarbons in various proportions, obtained from par- 
affin oil, coal-tar, etc. Wood naphtha is impure methanol, CH30H, pro- 
duced by the destructive distillation of wood. 

naphthalene Cj 9 Hg. A white crystalline cyclic hydrocarbon with a penetrating 
odour that occurs in petroleum and coal-tar. M.p. 80.2°C., b.p. 218°C. It is 
used in the manufacture of organic dyes and in moth-balls. 

naphthol C,9H;OH. Two isomeric derivatives of naphthalene, both of which 
darken in colour on exposure to light: naphthalen-1-ol (a-naphthol) is a 
yellow crystalline substance, m.p. 93.3°C., used in the manufacture of dyes 
and perfumes; naphthalen-2-ol (8-naphthol) is a white crystalline substance, 
m.p. 122°C., used as an antiseptic and in the manufacture of dyes, drugs, 
and perfumes. 

naphthoyl! The univalent radical Cy9H7.CO— (from naphthoic acid, 
C}9H7.COOH). 

naphthyl The univalent radical Cy9Hz— (from naphthalene, Cio Hg). 

Napierian logarithm See logarithm. Named after John Napier (1550-1617). 

narceine C;5 H5; NO4.3H;O0. A white crystalline alkaloid that occurs in opium, 
m.p. 176*C.; it is used as a muscle relaxant. 

narcotic Producing sleep, stupor, or insensibility. A drug used to control pain. 
Most of these drugs can cause dependence and their medical use is con- 
trolled. 

nascent state Certain elements, notably hydrogen, are more active when being 
set free in a chemical reaction than in their ordinary state; such ‘nascent’ 
elements were formerly thought to owe their activity to being composed of 
single atoms instead of molecules, but they are now thought to be excited 
molecules. 

natrium See sodium. 

natron Natural sodium sesquicarbonate, Na; CO; .NaHCO;.2H50. 

natural (chem.) Occurring in nature; not artificially prepared. 

natural abundance The abundance of each different isotope in an element as it 
is normally found in nature. 

natural frequency The frequency of free oscillation of any system. 

natural gas A mixture of gaseous hydrocarbons, predominantly methane (85%), 
ethane (10%), and propane (3%), often containing other gases, isSuing from 
the Earth in some localities, more particularly near deposits of mineral oil. 
Like petroleum it originated from the decomposition of organic matter; it is 
used as a fuel and as a source of intermediates for organic synthesis. See 
also liquefied natural gas. 
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natural logarithm See logarithm. 


natural selection The theory, first proposed by Charles Darwin, that explains 
the mechanism of biological evolution (see Darwin's theory of evolution ). 
According to this theory, the life-forms best adapted to their environment 
will survive and reproduce in the greatest numbers. As new characteristics 
arise as small uncontrolled variations (often resulting from genetic muta- 
tions ), those strains of organisms with distinctive characteristics best fitting 
them for their environment will survive. 


nautical mile Defined in the U.K. as 6080 ft, but internationally as 1852 
metres, | U.K. nautical mile therefore equals 1.000 64 international nautical 
miles. ] international nautical mile equals 1.150 78 miles. 

near infrared or ultraviolet The shortest infrared or the longest ultraviolet 
wavelengths; i.e. those wavelengths of these two types of radiation that are 
"nearest in magnitude to those of visible light. 

nebula (astr.) A cloudy luminous patch in the heavens that consists of a 
galaxy of stars, or of materials from which such galaxies are being formed. 

Néel temperature The temperature above which an antiferromagnetic substance 
becomes paramagnetic. The transition was discovered in 1930 by L. E. F. 
Néel (born 1904). 

negative (math. and phys.) In any convention of signs, regarded as being 
counted in the minus, or negative direction, as opposed to positive. 

negative, photographic See photography. 

negative feedback Sce feedback. 


negative pole The south-seeking pole of a magnet. See magnetic pole. 


negatron Negaton. See electron. | 

nematic crystals Liquid crystals in which the molecules are not arranged in 
layers but all their axes are parallel. See also cholesteric crystals; smectic 
crystals. 

neo-Darwinism The modern version of Darwin’s theory of evolution, which is 
widely accepted today. It combines Darwin's theory of natural selection 
with subsequent discoveries in genetics that explain the source of the varia- \ 
tion on which his theory is based, 

neodymium Nd. Element. R.a.m. 14424. At, No. 60. A soft silvery metal, rd. | 
6.9, m.p. 1024*C., b.p. 3068*C., used to colour glass purple and in Misch 
metal. See lanthanides. 

neon Ne. Element. R.a.m. 20.179. At. No. 10. A colourless odourless invisible 
inert gas, m.p. —248.67^C., b.p. —246.05*C., that Occurs in the atmosphere 
(1 part in 55 000). It is obtained by the fractional distillation of liquid air. A 
discharge of electricity through neon at low pressures produces an intense 
orange-red glow (see neon tube ). 

neon tube A discharge tube containing neon at a low pressure. As a result of 
the potential difference maintained between the cathode and the anode, 
electrons are accelerated towards the anode and in colliding with neon 
atoms ionize them and excite the positive ions. When these decay to a 
lower energy level they emat the characteristic pink light. 


Small neon lamps, which use very little current, are used as indicator 
lights to show that a device is live. 
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neoplasm New growth of abnormal tissue in plants or animals; a tumour, 
which may be either benign or malignant. 

Neoprene* rrans-Polychloroprene. (CH2:CH.CCI:CH3),- A synthetic rubber 
having a high sensile strength and better heat and ozone resistance than 
natural rubber. It is made by polymerizing 2-chlorobuta-1,2-diene. 

neper A unit for expressing the ratio of two values (e.g. currents, voltages, 
etc.) equal to the natural /ogarithm of the ratio of the quantities. 1 neper 
= 8.686 decibels. Named after John Napier (1550-1617). 

nephelometer An instrument for measuring turbidity of liquids, or scattering of 
light by particles in suspensions. 

nephoscope A grid-like instrument for determining the speed of celestial 
objects (including clouds) by observation of time of transit. 

Neptune (astr.) A planet with two satellites. Its orbit lies between those of 
Uranus and Pluto. Mean distance from the Sun 4496.7 million kilometres; 
sidereal period (‘year’) 164.8 years; mass 17.46 times that of the Earth; 
diameter 48 600 kilometres. The surface temperature is about —200*C. and 
the dense atmosphere consists mainly of methane and hydrogen. 

neptunium Np. Transuranic element. At. No. 93. Most stable isotope, neptu- 
nium-237, has a half-life of 2.2 x 10$ years. A meral of silvery appearance, 
r.d. 20.45, m.p. 640°C., produced as a by-product by nuclear reactors in the 
manufacture of plutonium. 

Nernst effect If a temperature gradient is maintained across an electrical con- 
ductor (or semiconductor) that is placed in a transverse magnetic field, a 
potential difference will be produced across the conductor. Named after 
Walter Nernst (1864-1941). 

Nernst heat theorem The entropy change for chemical reactions involving crys- 
talline solids is zero at the absolute zero of temperature. See also thermody- 
namics, laws of. 

nerol C,9H)7OH. A colourless liquid unsaturated alcohol, isomeric with gera- 
niol, b.p. 224°C. It is used in perfumes and obtained from neroli oil. 

neroli oil An essential oil obtained from the flowers of orange trees. 

nerve cell See neurone. 

nerve fibre An axon or dendrite. 

nerye gas A wargas that attacks the nervous system, especially the nerves 
controlling respiration. Most nerve gases are derivatives of phosphoric acid. 

Nesslers solution A solution of potassium mercury(Il) iodide, KHgl3, in 
potassium hydroxide solution. It is used as a test for ammonia, with which it 
forms a brown coloration or precipitate. Named after Julius Nessler 
(1827-1905). 

neuron(e) Nerve cell. A special type of biological cell, being the unit of which 
the nervous systems of animals are composed. It consists of a nucleus sur- 
rounded by a cytoplasm from which thread-like fibres project. In most 
neurones impulses are received by numerous short fibres called dendrites 
and carried away from the cell by a single long fibre calle& an axon. 
Transfer of impulses from neurone to neurone takes place at junctions 
between axons and dendrites, which are called, synapses. 

neurotoxin A poison that attacks the nervous system. 

neurotransmitter A substance that transmits a nerve impulse across a synapse, 
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being released by the tip of the axon into the synaptic space. Substances 
that function in this way are the catecholamines adrenalin and noradrenalin, 
and acetylcholine. 

neutral (chem.) Neither acid nor alkaline. Containing equal numbers of 
hydroxyl and hydrogen ions and having a pH of 7. 

neutral (phys.) Having neither negative nor positive net electric charge. 

neutralization (chem.) The addition of acid to alkali, or vice versa, till neither 
is in excess and the solution is neutral. 

neutral temperature The temperature of the hot junction of a thermocouple at 
which the E.M.F. round the circuit is a maximum and the rate of change 
of E.M.F. with temperature is zero. 

neutrino A stable elementary particle with no electric charge or rest mass, but 
with spin %. It was originally postulated to preserve the laws of conserva- 
tion of mass and energy and conservation of momentum. The existence of the 
particle has since been established experimentally, and it is known to exist 
in three forms: one associated with the beta decay process, one with the tau 
particle, and the other with the muon. All forms have antiparticles. It is 
classified as a lepton (see elementary particles ). 

neutron A particle that is a constituent of all atomic nuclei except that of 
normal hydrogen. The neutron has no electric charge and a mass only very 
slightly greater than that of the proton (1.67492 x 10-?? kilogram ) 
Outside a nucleus a neutron decays, with a half-life of 12 minutes, into 2 


proton, an electron, and an antineutrino. It is classifed as a hadron (see 
elementary particles ). 


neutron excess See isotopic number. 


neutron flux À measure of the number 
in unit time, ie. the ni 
their mean speed. 


of neutrons passing through unit is 
umber of neutrons per unit volume multiplied by 


neutron number N. The number of neutrons in an atomic nucleus; it is equal 
to the mass number minus the atomic number. 


neutron star A hypothetical state of a star at the end of its evolu one 
Process (see stellar evolution) when it has consumed all its nuclear fuel an 
no longer has a source of internal energy. The star would then Deco 
highly compressed by gravitational forces and apart from a thin outer shel 
would consist only of neutrons. Such a star would be expected to have à 
density some 107 times greater than a white dwarf. No neutron stars have 
been identified with certainty, although it is thought that pulsars may be 
this type of star. * 

neutron temperature The energies possessed by neutrons in thermal equilib- 
rium with their surroundings may be expressed in terms of a temperature, if 
it is assumed that they behave as a monatomic gas. Under these conditions, 
the neutron temperature on the Kelvin scale, T, is given by: E = 3kT/2, 
where E is the neutron energy and k is Boltzmann’s constant. 

new candl> See candela. 


newton The derived SI unit of force. The force required to give a mass of one 
kilogram an acceleration ef one metre per second per second. Symbol N. 
Named after Sir Isaac Newton (1642-1727). 


Newtonian fluid A fluid that obeys Newton's law of viscosity, i.e. the viscosity 
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is independent of the rate of shear or the velocity gradient. The tangential 
force, F, between two parallel layers of fluid is given by 
F = qA.dv/dx 
where A is the area of the fluid layers, dx is the distance between them, 
and dv is their velocity. 7 is a constant called the coefficient of viscosity. A 
large number of liquids obey Newton's law. Compare non-Newtonian fluid. 
Newtonian mechanics A system of mechanics developed from Newton’s laws of 
motion. It provides an accurate means of determining the motions of bodies 
possessing ordinary speeds. The motions of particles having very high 
speeds must be treated by relativistic mechanics, i.e. a system of mechanics 
based on the theory of relativity, as the change of mass of a particle with 
its speed becomes important under such conditions. 


NEWTONIAN TELESCOPE 


PLANE MIRROR 
OR PRISM 


PRIMARY MIRROR 


EYEPIECE 
Figure 29. 


Newtonian telescope Newtonian reflector. A form of astronomical reflecting 
telescope consisting of a large concave focusing mirror on the axis of which 
is mounted a small plane mirror or reflecting prism, enabling the image to 
be viewed through an eye-piece, which is perpendicular to the axis of the 
main mirror. See Fig. 29. 

Newton’s law of cooling The rate at which a body loses heat to its surround- 
ings is proportional to the temperature difference between the body and its 
surroundings. It is an empirical law, true only for small differences of tem- 
perature. 

Newton's law of gravitation Every particle in the Universe attracts every other 
particle with a force directly proportional to the product of the masses of 
the particles and inversely proportional to the square of the distance 
between them. Thus, the force of attraction between two masses m, and 
m, separated by a distance s, is given by: | 

F = Gmm’, 
where G is the gravitational constant. 
Newton’s laws of motion The fundamental laws on which classical dynamics is 
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based. l. Every body continues in its state of rest or uniform motion in à 
straight line except in so far as it is compelled by external forces to change 
that state. 2. Rate of change of momentum is proportional to the applied 
force, and takes place in the direction in which the force acts. 3. To every 
action there is an equal and opposite reaction. 

Newton's rings Coloured rings that may be observed round the point of con- 
tact of a convex lens and a plane reflecting surface. They are caused by the 
interference effects that occur between light waves reflected at the upper 
and lower surfaces of the air film separating the lens and the flat surface. 

niacin See nicotinic acid. 


Nichrome* Trade name for a nickel-chromium alloy (usually 80% nickel) used 
for wire in electrical devices owing to its high resistance and its ability to 
withstand high temperatures. 

nickel Ni. Element. R.a.m. 58.71. At. No. 28. A silvery-white magnetic metal, 
resembling iron, that resists corrosion; r.d. 8.90, m.p. 1455°C., b.p. 2840°C. 
It occurs combined with sulphur or arsenic in pentlandite, kupfer-nickel, 
smaltite and other ores. The ore is roasted to form the oxide, which is 
reduced to the metal by hydrogen, and the metal is then purified by the 
Mond process. It is used for nickel-plating, in coinage, for such alloys 2 
nickel steel, nickel silver, platinoid, Mumetal*, constantan, and Nichrome’, 
and as a catalyst (see Raney nickel ). 

nickel carbonyl Ni(CO),. A colourless volatile liquid, b.p. 43°C., that decom- 
poses at 200*C. into nickel and carbon monoxide. See Mond process. 


nickel ethanoate (CH4COO); Ni.4H,0. A green crystalline soluble substance, 
used in nickel plating. 


nickel-iron accumulator See accumulator. 


nickel oxides 1. Nickel(II) oxide, nickel monoxide, nickelous oxide. NiO. A 
green insoluble powder, m.p. 1990°C., used as a pigment and in the mani 
facture of nickel compounds. 2. Nickel(II) oxide, nickelic oxide. Ni; Os. 


black or grey powder that decomposes into nickel(II) oxide at 600°C. It is 
used in nickel-iron accumulators. 


nickel plating Depositing a thin layer of metallic nickel by an electrolytic 
process. See electrolysis. Tan 

nickel silver German silver. A group of alloys of copper, nickel, and zinc in 
varying proportions, containing up to 30%-nickel. A typical composition 1S 
60% copper, 20% nickel, 20% zinc. | 

nickel steel Stee/ containing up to 6% nickel. 


Nicol prism An optical device, constructed from two crystals of calcite stuck 
together with Canada balsam, used for obtaining plane polarized light. The 
extraordinary ray passes through the device but the ordinary ray is totally 
reflected at the interface between the two crystals. Named after William 
Nicol (1768— 1851). See polarization of light. 

nicotinamide Niacinamide. C; H4NCONH;. Vitamin of the B complex. A col- 
ourless soluble substance, m.p. 124°C., used in medicine to treat pellagra. 

nicotine C1 oH}4N3. A colourless intensely poisonous oily liquid alkaloid, b.p. 
247.3°C., that occurs in tobacco leaves. | ) P 

nicotinic acid Pyridine-3-carboxylic acid, niacin. C4 H4N.COOH. Vitamin o 
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the B complex. A colourless crystalline so/id, m.p. 235*C., that occurs in 
meat and yeast; deficiency causes pellagra. 

Ni-Fe* accumulator See accumulator. — 

niobium Columbium. Nb. Element. R.a.m. 92.906. At. No. 4l. A rare grey 
metal, r.d. 8.4, m.p. 2500*C., b.p. 4742°C. Small quantities in stainless steel 
preserve the steel's corrosion resistance at high temperatures. It is also used 
in superconducting alloys. 

nit A unit of luminance equal to one candela per square metre. 

niton An obsolete name for radon. 

nitrate A salt or ester of nitric acid. 

nitration Introduction of the nitro group, —NO», into organic compounds by 
the use of nitric acid. It is of importance in the production of explosives, 
many nitro derivatives of organic compounds being chemically unstable. 

nitre Saltpetre. See potassium nitrate. 

nitric acid Aqua fortis. HNO3. A colourless-corrosive acid liquid, b.p. 86°C., 
that is a powerful oxidizing agent. It attacks most metals and many other 
substances with evolution of brown fumes of nitrogen dioxide, NO. It is 
manufactured by the action of concentrated sulphuric acid, H5SO4, on 
sodium or potassium nitrate, and by the oxidation of ammonia, NH3, by 
passing a mixture of ammonia and air over heated platinum, which acts as 
a catalyst. It is widely used in chemical industry. 


nitric oxide See nitrogen oxides. 


nitrides Binary compounds of nitrogen. 

nitrification 1. The treatment of a substance with nitric acid. 2. The process of 
conversion, by the action of bacteria, of nitrogen compounds from animal 
and plant waste and decay, into nitrates in the soil. 

nitrile An organic compound containing the cyanide group -CN. 

nitrile rubbers A group of synthetic rubbers that are copolymers (see polymeri- 
zation ) of butadiene and acrylonitrile. These materials, which can be vulcan- 
ized in a similar manner to natural rubber, have a high resistance to oil, 
fuels, and aromatic solvents. Their properties can be modified by varying 
the proportions of the constituents; increasing the acrylonitrile content 
results in greater oil resistance. 

nitrite A: salt or ester of nitrous acid, HNO2. 

nitro The univalent radical O53 N—. 

nitrobenzene C;H4NO;. A pale yellow oily poisonous /iquid, b.p. 2112 G^ 
with an odour of bitter almonds. It is produced by the action of nitric acid 
on benzene; reduction of nitrobenzene yields aniline. 

nitrocellulose See cellulose nitrate. Although the term nitrocellulose is chemi- 
cally incorrect for this compound, it is extensively used. 

nitrochalk A mixture of calcium carbonate, CaCO3, and ammonium nitrate, 

e 


NH,NO3, used as a fertilizer. 

nitrogen N. Element. R.a.m. 14.0067. At. No. 7. An odourless invisible chemi- 
cally inactive gas, m.p. ~209.86°C., b.p. -195.8^C., forming approximately 
4/5 of the atmosphere. The chief natural compound is Chile saltpetre. Com- 


pounds are used as fertilizers and the manufacture of nitric acid. The ele- 
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ment is vital to living organisms, forming an essential part of proteins and 
nucleic acids: See fixation of atmospheric nitrogen; nitrogen cycle. 

nitrogen cycle The circulation of nitrogen compounds in nature through the 
Various organisms to which nitrogen is essential. Inorganic nitrogen com- 
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amount of atmosph 
bacteria associated 
of atmospheric elec; 
action of denitrifying bacteria. See Fig. 30. 
nitrogen dioxide See nitrogen oxides, 
nitrogen monoxide See nitrogen oxides. 


nitrogen oxides 1. Nitrogen monoxide, nitric oxide. NO. A colourless gas, 
m.p. —163.6°C., b.p. —151.8°C., that reacts with oxygen to form nitrogen 
dioxide. 2. Dinitrogen oxide, nitrous oxide, laughing gas. N50. A colourless 
Bas, m.p. —90.8°C., b.p. —88.5*C., used as a mild anaesthetic in dentistry 
3. Nitrogen dioxide, nitrogen peroxide. NO). A compound E IE 
two forms, the monomer, NO}, and the dimer, N20, (dinitrogen tetroxi le). 
The degree of dissociation of the colourless N204, b.p. 21.15°C., cta 
with temperature. As more of the brown gas NO; forms, so the colour 
darkens. A? 150°C., the vapour is black. It is formed by reduction of ne 
acid and by heating some nitrates. It is used as an oxidant (e.g. for rocket 
PED) aud or hao Js- A pale yellow heavy oily liquid, 
ni cerin Glyceryl trinitrate. C;H,(NO3)3- A P: see 3 
i by M glycerol vati matric acid and sulphuric acid. Yt explodes 
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with great violence when subjected to sudden shock or detonation. It is 
used as an explosive, either alone or in the form of dynamite. 

nitrolime See calcium cyanamide. 

nitromethane CH4NO;. A colourless oily liquid, b.p. 100.8*C., used as a sol- 
vent and in organic synthesis. 

nitroso The univalent radical ON— in organic compounds. See also nitrosyl. 

nitrosyl The univalent radical ON— in an inorganic compound. See also nitroso. 

nitrous acid HNO;. A weak acid, obtained only in solution; aqueous solu- 
tions decompose rapidly to give nitric acid and nitrogen dioxide. Among its 
salts (nitrites), sodium nitrite is used as a source of nitrous acid in diazo- 
tization (see diazo compounds ). 

nitrous ether See ethyl nitrite. 

nitrous oxide See nitrogen oxides. 

NMR See nuclear magnetic resonance. 

nobelium No. Transuranic element. At. No. 102. The most stable isotope, 
nobelium-255, has a half-life of 3 minutes. 

noble metals Metals such as silver, gold, and platinum, that do not corrode or 
tarnish in air or water, and are not easily attacked by acids. Unreactive 
metals are low in the electromotive series. 

nodal points Two points on the axis of a /ens system, such that if the incident 
ray passes through one, travelling in a given direction, the emergent ray 
passes through the other in a parallel direction. 

nodes 1. Points of zero displacement in a system of standing waves. See also 
antinodes. 2. (astr.) Two points at which the orbit of a celestial body inter- 
sects the ecliptic. 3. (math.) Points on a curve or surface that can have 
more than one tangent. 

noise (elec.) 1. An effect observed in amplifying circuits due to the amplifica- 
tion, together with the input signal, of spurious voltages arising from such 
causes as the vibration of certain components, the random motion of the 
electrons constituting the current in the conductors, etc. 2. In information 
theory, a disturbance that does not represent any part of a message from a 
specified source. 

nomogram Nomograph. An alignment chart arranged so that the value of a 
variable can be found, without calculation, from the values of one or two 
other variables which are known. 

nonanoic acid Pelargonic acid, CH3(CH;); COOH. A colourless oily liquid, 
b.p. 253-5°C., used in the manufacture of lacquers and plastics. 

non-conservation of parity See parity. 

non-electrolytes Substances that do not yield ions in solution and therefore 
form solutions of low electrical conductivity. See electrolysis. 

non-ferrous metal Any metal other than iron or steel. 

non-metallic elements Chemical elements not possessing the properties of the 
metals. 

non-Newtonian fluid A fluid that does not obey Newton's law of viscosity, i.e. 

the viscosity is not independent of the rate of shear or the velocity gradi- 

ent. In colloids and other fluids consisting of more than one phase the 
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normalizing A heat treatment a 


viscosity usually diminishes as the velocity gradient increases. Compare 
Newtonian fluid. 


nor- (chem.) A combinin 
the loss of a methyl 
group from a chain. 


noradrenaline Norepinephrin, Cg HjgNO;. A catecholamine hormone, similar 
in structure to adrenalin, and Produced by the medulla of the adrenal 
glands. It functions as a neurotransmitter and is required to maintain bod- 
ily activity. 

normal 1. (math.) A line perpendicular to a Surface. 2. (chem.) A prefix denot- 
ing either a normal solution (abbrev. N-) or an isomer with an unbranched 
chain (abbrev. n-). 


normality (chem.) An obsolescent method of expressing concentrations of solu- 
tions; the number of gram-equival. 


ents of reagent per litre of solution. Thus, 


a solution containing 2 gram-equivalents Per litre is a twice-normal or 2N 
solution. 


g form of normal. The prefix is also used to indicate 
group, e.g. noradrenaline, or the loss of a methylene 


Pplied to steel in order to relieve internal 
stresses. It involves heating above a critical temperature and cooling in air. 
normal solution (chem.) A solutio; 


n containing 1 gram-equivalent of solute per 

litre of solution. See normality. 

normal state of atom See ground state. 

notation The representation of numb 
bols; a system of symbols for suci 

nova A star that ejects a small part 
During the process the Star becoi 
than it was before the outburst. 
a factor of only 10-100. Novae 
also supernova, 

n-p-n transistor See transistor. 

N.T.P Normal temperature and 


n-type conductivity The conduct 


ers, quantities, or other entities by sym- 
h a purpose. 

of its material in the form of a gas cloud. 
mes 5000 to 10000 times more luminous 
“Dwarf novae increase their luminosity by 
appear to one of a pair of binary stars. See 


pressure. See s.t.p. 

ivity in a semiconductor caused by a flow of 
electrons, whereas P-type conductivity is caused by a flow of holes. 

nuclear barrier Potential barrier. The region of high: potential energy through 


which a charged Particle must pass on entering or leaving an atomic 
nucleus. 


nuclear battery A cell or battery 


Such as strontium-90, is con 
emitted electrons on 


of cells in which energy from a beta emitter, 
verted into electric energy by collecting the 
a suitable electrode. In the low-voltage devices the 
primary electrons from the beta emitter are used to ionize a gas in a 
electric field, thus increasing the number of electrons up to 200 times; suc 
devices can deliver Nanoamperes at about 1.5 volts. These devices have 
various uses, especially in Space technology. h 
nuclear charge The positive electric charge on the nucleus of an atom. en 
expressed iz units equal to the charge on the electron, this is numeric: qu 
equal to the atomic number of the element, to the number of protons in if 
nucleus, and to the numberof electrons surrounding the nucleus in the 
neutral atom. See ato, Structure of. ^ - p 
nuclear energy Regen ae released during a nuclear reaction in 
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accordance with the mass-energy equation. Nuclear energy is released in 
nuclear reactors and nuclear weapons. 

nuclear fission A nuclear reaction in which a heavy atomic nucleus (e.g. ura- 
nium) splits into two approximately equal parts, at the same time emitting 
neutrons and releasing very large amounts of nuclear energy. Fission can be 
spontaneous or it may be caused by the impact of a neutron (see chain 
reaction ), an energetic charged particle, or a photon (photofission ). See also 
nuclear reactor, nuclear weapon. 

nuclear force The attractive force that acts between nucleons when they are 
extremely close together (closer than 107 15 m), The nuclear force replaces 
the repulsive electromagnetic interaction between protons at such proximi- 
ties and holds the nucleons together in the atomic nucleus. See strong inter- 
action, 

nuclear fuel A substance that undergoes nuclear fission or nuclear fusion in a 
nuclear reactor, a nuclear weapon, or a star. 

nuclear fusion A nuclear reaction between light atomic nuclei as a result of 
which a heavier nucleus is formed and a large quantity of nuclear energy is 
released. E.g. the fusion of two deuterium nuclei to form a tritium nucleus 
and a proton is accompanied by an energy release of 4 MeV or 64 x 
10-13 J (D + D = T + p + 4 MeV). For fusion to be possible the 
reacting nuclei must possess sufficient Kinetic energy to overcome the elec- 
trostatic field that surrounds them. The temperatures associated with fusion 
reactions are therefore extremely high. Fusion reactions occur on Earth 
during the explosion of a hydrogen bomb (see nuclear weapons ) and during 
controlled thermonuclear reactions. Fusion reactions are the source of the 
energy of the stars (including the Sun ). x 

nuclear isomers Atoms of an element of the same mass but possessing differ- 
ent rates of radioactive decay as a result of being in different quantum 
states. 

nuclear magnetic resonance NMR. All atomic nuclei, except even-even nuclei, 
have magnetic moments associated with them, which tend to be aligned by 
an externally applied magnetic field, but because nuclei possess angular 
momentum, they precess (see precessional motion ) about the direction of the 
applied field. The energy of the interaction between the applied and the 
nuclear magnetic fields is quantized (see quantum mechanics ), so that only 
certain orientations of the nucleus relative to the applied field are permit- 
ted: a transition from one orientation to another involves the absorption or 
emission of a quantum of electromagnetic radiation, the frequency of which 
can be shown to equal the precessional frequency. With the magnetic flux 
densities customarily used (up to about 2 tesla or 20 kilogauss ) the energies 

ed are small, and the radiations fall in the radio frequency band, i.e. 

1-100 megahertz. Transitions from one energy level to another can be 

induced by applying a second magnetic field, at right angles to the first, 

which rotates in phase with the nuclear precession. NMR spectroscopy 

(also called *radio frequency spectroscopy’) consists of observing the point 

of resonance at which such transitions are induced. Data obtained in this 

way provide valuable information concerning nuclear properties. As the 

lectrons ‘shield’ the nucleus to a certain extent from the applied 


orbital el 4 URN. 
magnetic field, at a given frequency nuclei in different electronic (i.e. chem- 


275 


involv 


& 
x^ 


wn 


Mess 


"y. ^ 


A. 


i 


ie 


L 


aa GEL 


ror 


NUCLEAR PHYSICS 


ical) environments will resonate at slightly different values of the applied 
field. This phenomenon, known as the ‘chemical shift’, enables NMR spec- 
troscopy to be of great value in working out the configuration of complex 
molecules. 

nuclear physics The study of the physics of the atomic nucleus and of sub- 
atomic particles, especially with reference to nuclear energy. 

nuclear power Electric or motive power produced from a unit in which the 
primary energy source is a nuclear reactor. 


nuclear reaction Any reaction that involves a change in the nucleus of an 
atom, as distinct from a chemical reaction, which only involves the orbital 
electrons. Such reactions occur naturally, on the Earth in radioactive ele- 
ments, and in stars as thermonuclear reactions. They are also produced arti- 
ficially in nuclear reactors, nuclear weapons, and controlled thermonuclear 
reactions. See also nuclear fission; nuclear fusion. 
Nuclear reactions are represented by enclosing within a bracket the sym- 
bols for the incoming and outgoing particles or quanta (separated by a 


comma), the initial and final nuclides being shown outside the bracket. Thus 
the reaction: 


UN + He YO + !H 
is represented: '4N(a,p)!70, s 
nuclear reactor An assembly in which a nuclear fission chain reaction is main- 
tained and controlled for the production of nuclear energy, radioactive 
nuclides, or artificial elements. The nuclear fuel used in a reactor consists of 
a fissile material (e.g. uranium-235), which undergoes fission, as a conse- 
quence of which two nuclides of approximately equal mass are produced 


together with between two and three neutrons and a considerable quantity 
of energy. These neutrons cause further 


fissions so that a chain reaction 
develops; in order that the reaction should not get out of control, its prog- 
ress is regulated by neutron absorbers (see control rods ), only sufficient free 
neutrons being allowed to exist in the reactor to maintain the reaction at à 
constant level. The fissile material is usually mixed with a moderator, which 
slows down (see thermalize) the fast neutrons emitted during fission, so that 
they are more likely to cause further fissions of the fissile material than 
they are to be captured by the uranium-235 isotope. In a ‘heterogeneous 
reactor’ the fuel and the moderator are separated in a geometric pattern 
called a lattice. In g "homogeneous reactor' the fuel and the moderator are 
mixed so that they present a uniform medium to the neutrons (eg. the 
fuel, in the form of a uranium salt, may be dissolved in the moderator). 
Besides this classification, reactors may be described in a number of 
ways. They may be described in terms of neutron energy (see fast reactor; 
thermal reactor) or in terms of function, e.g. a ‘power reactor’ for generat- 
ing useful electric power, a ‘production reactor’ for manufacturing fissile 
material (see also breeder reactor and converter reactor), and a ‘propulsion 
Teactor’ for supplying motive power to ships or submarines. Reactors Bre 
also described in terms of their moderator (e.g. ‘graphite-moderated reactor’) 
or their coolant (e.g. boiling-water reactor, gas-cooled reactor D 4 
The term nuclear reactor. may also be applied to a device in which a 
controlled thermonuclear reaction takes place, in which case it is also 
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referred to as a ‘fusion reactor. The first nuclear reactor, built by Enrico 
Fermi (1901—54) at Chicago University in 1942, was called an atomic pile. 

nuclear transmutations The changing of atoms of one element into those of 
another by suitable nuclear reactions. 

nuclear waste Radioactive waste. Any waste material that contains radioactive 
nuclides. Such materials occur in the mining of radioactive ores, the genera- 
tion of electricity by nuclear power, and in research laboratories. Nuclear 
wastes can be extremely dangerous and the way in which they are disposed 
of is strictly controlled by international agreement. 

After processing to recover usable material and reducing the radioactivity 
of the waste, disposal is made in solid form where possible and the active 
solids are packed into strong metal canisters, which are buried either below 
the sea bed or in mined cavities; in both cases stable geological formations 
are chosen as suitable sites. 

nuclear weapons Weapons in which the explosive power is derived from 
nuclear fission or a combination of nuclear fission and nuclear fusion. The 
fission bomb (atom[ic] bomb or A-bomb) consists essentially of two or 
more masses of a suitable fissile material (e.g. uranium-235 or plutonium- 
239) each of which is less than the critical mass. When the bomb is deto- 
nated the subcritical masses are brought rapidly together to form a super- 
critical assembly, so that a single fission at the instant of contact sets off 
an uncontrolled chain reaction. The resulting release of nuclear energy pro- 
duces a devastating explosion the effect of which is comparable to the 
explosion of tens of kilotons of T.N.T. The fusion bomb (thermonuclear 
bomb,-hydrogen bomb, or H-bomb) consists of a fission bomb surrounded 
by a layer of hydrogenous material (e.g. lithium deuteride). At the tempera- 
ture resulting from the explosion of the fission bomb, fusion of the hydro- 
gen nuclei to form helium nuclei takes place (see thermonuclear reaction ) 
with the evolution of even greater quantities of energy. The explosive effect 
of a fusion bomb (or fission-fusion bomb) is comparable to the explosion 
of tens of megatons of T.N.T. See also fall-out. 

nucleases A group of enzymes that break down nucleic acids. 

nucleation (chem.) The formation of nuclei, e.g. preceding crystallization from 
solutions or in seeding rain clouds. 

nucleic acids Large molecules consisting of chains of nucleotides. They are 
present in all living matter and are responsible for storing and transferring 
the genetic code. See deoxyribonucleic acid and ribonucleic acid. 

nucleolus A small dense body containing nucleoprotein, one or more of which 

e nucleus of biological cells. 

nucleon A constituent of the atomic nucleus, i.e. a proton or à neutron. 

nucleonics The practical applications of nuclear physics, and the techniques 
associated. with these applications. 


nucleon number See mass number. N 
that react at centres of low electron density 


nucleophilic reagents Reagents thi 
(e.g. hydroxyl ions ). Nucleophilic reagents behave as electron donors, either 
transferring electrons or sharing their electrous with outside atoms or ions. 
Molecules or ions containing an atom with an unshared electron pair often 


act as nucleophilic reagents. Compare electrophilic reagents, 
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nucleoproteins Compounds of nucleic acids and proteins found in cell ar 
principally in the form of chromosomes. Viruses consist almost entirely 


nucleoproteins. Life is based on the self-replicating properties of nucleopro- 
teins. aie 
nucleoside A compound formed from a nitrogenous base (purine or ee 3 
dine) and a pentose sugar, e.g. adenosine, which consists of adenine an 


ribofuranose. The phosphorylated derivative of a nucleoside is called a 
nucleotide. 


nucleotide A most im 


, js T. 
portant type of compound found in all living matte! 
Nucleotides consist 


PST [4 
of a nitrogenous base (purine or pyrimidine), a ped 
Sugar and a phosphate group. They are found free in cells as adeno: 


triphosphate and as part of various coenzymes; they also occur in the form 
of polynucleotide chains as nucleic acids. 


E f a 
nucleus 1. A vital central point, especially a particle of matter that e un 
centre for the condensation of water vapour in mist or as a centre fo ole: 
formation of crystals. 2. (chem.) A characteristic ring of atoms in a mt 


Bee E C ES rs 7 jeus 
cule that retains its identity in chemical changes; e.g. the benzene nucl 
of six carbon atoms in the benzene ring. 


nucleus, atomic The positivel; 
more protons and, exce 
The number of 


atomic number (i.e. the n 


of 
eutron number). Nearly the whole of the mass 
an atom is conce 


ntrated in its nucleus, which occupies only a tiny fraction 
of its volume. See atom, structure of. f 
nucleus of cell A membrane-bounded body found within the cytoplasm Dc 
most biological cells of both plants and animals. The nucleus contains t d 
chromosomes, Which become visible under a microscope during mitosis A 
meiosis. The nucleus is therefore the repository of the substances that co 
trol the characteristics of cells and their progeny. d 
nuclide 1, The nucleus of an atom, characterized by its atomic number an! 
mass number. 2. The atom to which such a nucleus belongs. ; 
numerator The number above the line in a vulgar fraction. E.g. 3 in 3/16. 
nutation An oscillation of the Earth’s poles about the mean Position. hits 
nylon Officially defined as ‘a generic term applied to any long-chain synti ET. 
polyamide that has recurring amide groups as an integral part of the ine 
polymer chain and is capable of being formed into a filament in whic T 
Structural elements are oriented in the direction of the axis’. The fami i 
commercial form of nylon (e.g. Brinylon*): is a substance formed by e 
condensation polymerization of hexanedioic acid (adipic acid) with reaa : 
nohexane. The solid polymer is melted and forced through fine jets to m: 
filaments, which are then collected in the f. 


orm of yarn. . 
hystatin Fungicidin. A yellow insoluble antibiotic obtained from Streptomyce. 
noursei and other Str. 


eptomyces species. It is used to treat infections caused 
by fungi. 
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objective (phys.) A lens or system of lenses nearest the object in a telescope or 
compound microscope. 

oblate spheroid See spheroid. 

obtuse angle An angle greater than 90°. 

occlusion Absorption of a gas into the bulk of a solid. 

occultation The cutting off of the light or radio emission from one celestial 
body when another is interposed between it and the observer. E.g. a star 
may become invisible to an optical or radio telescope when it is hidden 
behind the Moon. 

oceanography The st 
and currents. 

ochre A natural hydrated form of iron(III) oxide, Fe3Os, containing various 
impurities. It is used as a red or yellow pigment. 

octa-, octo- Prefix xenoting eight, eightfold. 

octacaleium phosphate OCP. Ca; H(PO4).2.5H50. A crystalline substance of 
importance in the chemistry of bones, teeth, and precipitated calcium phos- 
phates. 

octadecanoic acid Stearic acid. C 17H35 COOH. A white solid fatty acid, m.p. 
69*C., that occurs as glycerides in many fats. It is used in the manufacture 
of soaps and cosmetics. 

octagon An eight-sided polygon. The angle between the sides of a regular 
octagon is 135*. 

octahedron A polyhedron having eight faces. 

octane CH3(CH2)gCH3- A hydrocarbon of the alkane series. It is a colourless 
liquid, b.p. 126°C., r.d. 0.704, that occurs in petroleum. The isomer 2,2,4- 
trimethylpentane (iso-octane) also occurs in petroleum. 

octane number of a fuel The percentage by volume of iso-octane in a mixture 
of iso-octane and normal heptane, CH; that is equal to the fuel in knock 
characteristics (see knocking ) under specified test conditions. 

octanoic acid Caprylic acid. CH4(CH;),COOH. A colourless oily liquid, b.p. 
237°C., used as an intermediate in the manufacture of dyes and perfumes. 

octanol Octyl alcohol. C4H,;OH. A group of isomeric alcohols of which the 
most important is /-octanol a colourless liquid, m.p. 167*C., bp. 
194—5*C., used as a solvent. 

octant The portion of a circle cut off by an arc and two radii at 45°; one- 
eighth of the area of a circle. 

Octavalent Having a valence of eight. 

Octave The interval between two musical notes, the fundamental Components 
(see quality of sound) of which have frequencies in the ratio two to one. 
This use of the word has been extended to include the interval between 
two frequencies of any type of oscillation that are in the ratio two to one. 

octaves, law of An incomplete statem iodi 7 uu 

ent of the periodic law made by J.A.R. 
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udy of the oceans, sea floor, sea waters, and their tides 


a ae 


Newlands (1837-1898) in 1864 independently of Dimitr Mendeleev 
(1834-1907), who published his paper on the periodic table in 1869. 

octet A stable group of eight electrons that constitutes the outer electron shell 
of an atom of an inert gas (except helium whose only electron shell con- 
tains two electrons). When the atoms of the elements (except hydrogen) 
combine to form compounds, they do so by donating or sharing electron Sa 
that each combining atom has a completed octet in its outer shell- 
valence. 


octyl The univalent radical, C;H,7—. 


5 an 
odd-eyen nucleus A nucleus that contains an odd number of protons and 
even number of neutrons. 


odd-odd nucleus A nucleus that contains an odd number of both protons and 
neutrons. lec- 
oersted The unit of magnetic field Strength or magnetic intensity in C ould 
tromagnetic units, defined as the strength of a magnetic field that W 
cause a unit magnetic pole to experience a force of 1 dyne in a Nae FEES 
is equivalent to 1/4z x 103 amperes per metre. Named after Hans 
tian Oersted (1777—1851). ai 
oestrogens Female sex hormones of which the most important are the oy: 
oestradiol (Ci gH» 40>), oestrone (C\gH220,), and oestriol (C; g H2403 d 
ohm The derived SJ unit of resistance defined as the resistance between vs 
points of a conductor when a constant difference of potential of 1 Gn 
applied between these two points, produces in the conductor a current di 
ampere. The former ‘international ohm’ was defined as the resistance, o 
0°C., of a column of mercury 106.3 cm in length, of mass 14.4521 2i ta 
9f uniform cross-sectional area. 1 "international ohm’ = 1.000 49 'abso!u 
SI ohms. Symbol Q. Named after Georg Ohm (1787—1854). z 
ohmmeter An instrument for measuring resistance in ohms, e.g. a Mp cd 
Ohm's law The ratio of the potential difference between the ends of a are 
for and the current flowing in the conductor is constant. This Ilis 
termed the resistance of the conductor. For a potential difference of 1 
and a current of 7 amperes, the resistance, R, in ohms is equal to Er nas 
oil cake A mass of oilseeds (e.g. linseed, cottonseed) from which the oil 25 
been expelled in a press (expellers) or extracted by a solvent (extractions); 
used as cattle food. 
oil-immersion lens See immersion objective. 
oil of vitriol See sulphuric acids. 
oil of wintergreen See methyl salicylate. 
oils See fats and oils; petroleum. bo 
oil sand Sandstone or loose Sand impregnated with a viscous ore a 
mineral oil. They occur as tar sands or bituminous sands in Alberta ( a al 
ada) and as asphalt lakes in Trinidad and elsewhere. They are a poten! En 
source oí oil, depending on the cost of extraction compared to the price 
FBR yas ini en, a form of 
oil shale A fine-grained sedimentary rock eon IDEE oili Although 
Organic matter that decomposes on heating to yiel t the world, the com- 
there are very large deposits of oil shale throughou 
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merical extraction of oil would only be economic if other sources reached a 
high price. 

oil, synthetic Natural mineral oils are composed of various hydrocarbons. It is 
possible to make similar products artificially from coal, etc., by combining 
carbon or carbon monoxide with hydrogen. See Bergius process; Fischer- 
Tropsch process. 

Olbers’ paradox If the Universe contains an infinite number of uniformly 
distributed stars the night sky should be uniformly bright. In fact it is not: 
this is explained by the expansion of the Universe and the recession of the 
galaxies, which causes a redshift making the most distant galaxies no longer 
visible. Named after Heinrich Wilhelm Olbers (1758-1840). 


oleate A salt or ester of oleic acid. 

olefiant gas An obsolete name for ethene (ethylene). 

olefins Olefines. See alkenes. 

oleic acid cis-octadec-9-enoic acid. Cı7H33COOH. An unsaturated liquid 
organic acid, m.p. 15°C., that occurs in the form of glycerides in many fats 
and oils. A high proportion of triolein, the glyceride of oleic acid, in a fat 
or oil makes it more liquid. 5 

olein See triolein. 

oleoyl The univalent unsaturated radical C,7H3 3CO-(from oleic acid ). 

oleum Fuming sulphuric acid. See sulphuric acids. 

oleyl alcohol CH; (CH2) CH:CH(CH;); CH; OH. An unsaturated liquid alco- 
hol, b.p. 205°C., used in organic synthesis. 

olfactory Pertaining to the sense of smell. 

oligomer A polymer having comparatively few monomer units in the molecule. 

olivine (Mg,Fe)2SiO4. A mineral silicate of magnesium and iron. The trans- 
parent form is used as a gem. 

Q-. A negatively charged elementary particle, classified as a 


omega-minus y 
hyperon and having a mass 3276 times that of the electron. 
omegatron An instrument in which ions are caused to move in spiral paths by 


the application of an electric field at right angles to a constant magnetic 


field. As the angular frequency of rotation of the ions depends upon their 
means to separate ions of differ- 


charge to mass ratio, it is possible by this of c 
ent isotopes. The instrument may be used for the absolute determination of 
atomic masses and for isotopic and chemical analysis. 
oncogenic Causing cancer. Oncogenic viruses are able to ti 

host cell into à cancerous cell. 
oncology The study of cancer, its causes and treatment. 
on-line working The use of a device that is connected directly to a computer 
so that it becomes à peripheral device. In ‘off-line working, the device 
produces information in readable form for subsequent processing by a 


computer. 
ontogeny (bio.) The history of the devel 
species, as opposed to ‘phylogeny’, W! 
the species (or other biological group). 
oocyte A female gametocyte that undergoes meiosis to form an ovum. 


ransform a normal 


lopment of an individual member of a 
hich is the history of the evolution of 
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Opacity The extent to which a mi 
transmittance. 


opal Hydrated amorphous silica, SiO), some forms of which are used as gems. 
The milky white variety is sometimes coloured by impurities. Opalescence, 
a characteristic rainbow effect within the stone, is caused by interference 
from internal cracks and Cavities. » 
opaque Not permitting a wave motion (e.g. light, sound, X-rays ) to pass. It is 
usually applied to light; not transparent or translucent. A medium that dos 
not permit X-rays or gamma-rays to pass is said to be radio-opaque. See 
opacity. A 
open-chain compounds Organic compounds not derived from ring compounds; 
aliphatic compounds. 
Open clusters Clusters oi 
The open clusters arı 
globular clusters, cont: 
gas and dust clouds. 


open-hearth process Siemens-Martin Process. A process for steel manufac 
Pig-iron and steel scrap or iron ore in calculated amounts are heate 
together by producer gas on a hearth in a furnace. 

Operator A symbol representin: 
on a particular operand. 


edium is opaque. It is the reciprocal of the 


f stars that have a common motion through nae 
* much less densely populated with stars than T 
aining only some hundreds of stars interspersed wi 


A ; i t 
£ a mathematical operation to be carried ou 


se function is to control the synthesis x x 
together as one enzyme system. One ol 


genes in an operon, known as the ‘operator gene’, starts and stops the 
activity of the complete operon. 


ophthalmology The Study of the eye and its diseases and the correction of 
impaired vision. 


ophthalmoscope An instrument for examining the eye. A powerful light and 
lens system, combined with the lens of the eye, enable the retina and bloo 
vessels of the eye to be examined at high magnification. 

opium The dried, milky juice from unripe fruits of the opium poppy, Pneu 
somniferum. It Contains severa] alkaloids, including morphine, narceine, d 
ene The group of drugs called opiates includes these alkaloids an 
their synthetic analogues, such as pethidine. and methadone. They are 
extensively used as Powerful pain killers in medicine. They are also widely 
abused by unfortunate People who have become addicted to them. 

Opposition (astr.) A planet having its orbit outside that of the Earth is in 
Opposition when the Earth is in a line between the Sun and the planet. 

optical activity Optical rotation. The Property possessed by some substances 
and their solutions of rotating the plane of vibration of polarized light (sce 
polarization of light ). Yt occurs with asymmetric molecules that can exist in 
two different forms, called optical isomers or enantiomorphs, one being a 
mirror image of the other. One form rotates the light in one direction, the 
other rotates it equally in the other direction. The dextrorotatory form, or 
d-isomer, rotates it to the right (observer looking against the incoming 
light) and the laevorotatory form, or /-isomer rotates it to the left. An 
equimolecular mixture of the two forms, called a racemic mixture, is pn 
cally inactive and designated dl-. Some natural compounds exhibit optical 
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OPTIC AXIS 


isomerism and in such cases usually only one isomer occurs in nature. For 
example d-glucose occurs in nature but l-glucose cannot be made by living 
organisms (although it can be synthesized in vitro). 

All optically active compounds have an asymmetric carbon atom. This 
enables an absolute distinction to be made between the two isomers. The 
absolute configuration of an optical isomer is referred to d-glyceraldehyde, 
which is taken as a reference structure, designated D-glyceraldehyde. Any 
compound containing an asymmetric carbon atom having an analogous con- 
figuration to this compound is said to belong to the D-series, Compounds 
belonging to the opposite configuration are members of the L-series. How- 
ever, not all D-series compounds are dextrorotatory, for example, D-glyceric 
acid is laevorotatory, i.e. is /-glyceric acid. The prefixes D- and d- are not 


the same. 
optical axis Principal axis. The line passing throu| 
centre of curvature of a spherical mirror or lens. 
Optical centre A point, si 
centre of a thin lens, t 


deviated. 

Optical fibres A glass fibre that functions as à waveguide for light. They are 
used in medical instruments (called fibrescopes) to examine internal organs 
(stomach, bladder, uterus, etc.). They are also used in short-range telecom- 
munications. The step-index fibre consists of a glass cone with a coaxial 
glass or plastic cladding of lower refractive index SO that total internal 
reflection takes place at the interface between the cone and the cladding. In 
graded-index fibres, the fibre is structured, each layer of glass having à 
lower refractive index than the one inside it. Optical fibres are used indi- 


vidually or in bunches. 
optical glass Glass for use in optical instruments. High quality crown glasses. 
usually contain potassium or barium in place sodium and have a refractive 


index of 1.50 to 1.54. Flint glasses have a refractive index of 1.57 to 1.72. 
Lanthanum crown glasses and flint glasses, containing oxides of the lantha- 


nides (rare earths), have higher refractive indexes. 

optical isomerism Enantiomorphism. The occurrence of a compound in two 
different forms, one à mirror image of the other. The two forms have 
similar properties in all respects except for their optical activity. 


optically flat A surface is said to be optically flat if the irregularities do not 
exceed the wa is a requirement for many optical 


velength of light. This 
devices. 
er. 


optical maser See las Cite 
optical pumping See population inversion; 
i tion See optical activity. 
optical rota! pe An astronomical telescope used to observe celestial bodies by 
light they emit, as compared to a radio telescope, which is used to 
EA. heir radio frequency emissions. 
optical temper "The radiation temperature of a celestial body as calculated 


from its light radiation. 
direction in a doubly refracting crystal in which light is p 
ropa- 


optic a thou! double refraction. 


gh the optical centre and the 


tuated for all practical purposes at the geometrical 
hrough which an incident ray passes without being 


laser; maser. 
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OPTICS 


optics The study of light. Geometrical optics is built up on the laws of reflec- 
tion and refraction, and assumes the rectilinear propagation of light; it 
involves no consideration of the physical nature of light. It is mainly con- 
cerned with the formation of images by mirrors and lenses. Physical optics 


is concerned with light as electromagnetic waves, and the phenomena associ- 
ated with this aspect. 


orbit 1. The path of one heavenly body around another as a result of their 
mutual gravitational attraction. Particularly the path of the planets around 
the Sun, or the Moon (or artificial satellites) around the Earth. 2. The path 
of an electron around the nucleus of an atom. See orbital electron and atom, 
structure of. 

orbital The space containing all the points in an atom or molecule at which 
the wave function of an electron (two electrons may be present if they have 
Opposite spins) has an appreciable magnitude. It is so called in modern 
atomic theory by analogy to its counterpart (orbit) in Bohr’s theory. An 
atomic orbital (AO), i.e. one associated with a single atomic nucleus, has an 
energy and a shape determined by its quantum numbers, and various types 
(s, P, d, etc.) of AO can be distinguished accordingly. Relative to the 
nucleus an s orbital is spherically symmetrical, whereas a p orbital is 
dumbbell-shaped with a definite orientation in space. In the formation of a 
covalent bond between two atoms, a molecular orbital (MO) containing two 
electrons and associated with both nuclei is formed. In the formation of a 
single carbon-carbon bond, as in ethane, the MO arises by the overlapping 
of two AOs, and it surrounds the two nuclei and is centred on the line 
joining them; the bond is called a o (sigma) bond. In a double carbon- 
carbon bond, as in ethene, the second bond is formed by the overlapping 
of two p AOs and is called a 7 (pi) bond; the overlapping of the two 
dumbbells results in the formation of two Sausage-like spaces of electron 
density at some distance on each side of the line joining the nuclei. In 
benzene, represented as a ring containing alternating single- and double- 
bonds, a p orbital concerned in the formation of a double bond will over- 
lap with the p orbital of one adjacent carbon atom as much as with that 
on the other. The result is two torus-shaped MOs, one on each side of the 
benzene ring, which thus becomes a symmetrical structure with six identical 
carbon-carbon bonds. This MO treatment is an alternative to the resonance 
(valence-bond) treatment of molecular structure. 

orbital electron Plangtary electron. An electron contained within an atom; it 
may be thought of as orbiting around the nucleus, in a manner analogous 
to the orbit of a planet around the Sun. See atom, structure of, and Bohr 
theory. 

orbital velocity The velocity of a satellite or spacecraft that enables it to orbit 
round the Earth or other celestial body. A synchronous orbit round the 
Earth requires an orbital velocity of about 3200 metres Per second (7200 
miles per hour). 

orcinol CH, Cc H3(OH);.H;O. A white crystalline substance, m.p. 107—8*C., 
that reddens on exposure to air. It is used in the analytical detection of 
carbohydrates. n 

Order (chem.) A measure of the rate of a chemical reaction in terms of the 
concentrations of the reactants. If the rate, R, of a chemical reaction: 


284 


my LES — x Wu 


| 
ORSAT APPARATUS 


is given b: E X Gy 

Order, or m T K[XIPQY]. then the rate of the reaction would be third A 

independent order in Y and second order in X. If the reaction rate is 

order (math 54 the concentration, it is said to be zero order. 
a Portu. d e number of times a function has been differentiated to give 
equation. r derivative: the degree of the highest derivative in a differential 

order M 

oiy “recne A magnitude expressed 
double i When a ray of light is incident upon a © ; 
optic refraction so that the direction of s an angle with the 
the ae of the crystal, the ray splits into two rays. y 
the trend laws of refraction and is called the ordinary ray. The other is 
aordinary ray’ 

ordin: y- 

ate In analytical geometry, the ordinate o 


di 
stance of the point from the x-axis. See Fig. 


ore A e 
naturally occurring mineral material fro! 
ed; e.g. bauxite is an 


u 
fume a metal) can be extract 

$ neficiation. 

bs i i n " 
E acid An organic compound that is able to give UP 2 proton to 2 Dase; 
.€. one that contains one or more carboxyl groups oF ™ some cases 


hydroxyl groups (e.g. phenol ). - 
sessing a lone pair of 


electrons that can be 
e common organic 


Ae 
bos me A molecule or ion pos n ; 
Or coordination (see valence) with a Pro! on. 
compounds that fulfil this condition OW? their basic character tO an oxygen 
the chemistry of 4 


vd nitrogen atom. » 
anic chemistry The chemistry of the organic compounds; 1 
carbon compounds excluding the metal carbonates and the gi ang 
sulphides of carbon. Originally, it was the chemistry of oe Pe x : 
by living organisms, as distinct from the inorganic chemistry of subs! ance: 
of mineral origin. n CA 
Organic compounds Chemical compoun containing 
hydrogen, Ae often also with oxygen, nitrogen, and pee glenn pe 
radii compounds P ec MA PE (see dissoci- 
large number of atoms. They are not oi 
ation), and frequently show the phenomeno! 


arbon combined with 


ecule a carbon 


organism A living animal or plant. Pm wt 
organometallic compound An organic compoun in ; 
atom is linked directly to 2 metal atom; €£ methylsodium, CH; Na. 
ounds in which silicon atoms play the l 
A al formula 


organosili 
part quee in organic com e.g. silanes (gener 

Si, H5, +2) are the organosilic 1 
origin (math.) The point of intersection 
Jar coordinates ) 3 
tin in various proi 


(see Cartesian 


portion^; generally 


coordinates and poi 
ormulu An alloy of copper. zinc, and 
containing at least 50% copper: ' 
ain range See plate tectonics. 


yellow mineral. 


orogenesis The building of a mount 
ning the amount of carbon 


orpiment Natural arsenic trisulphide. 
Orsat apparatus A portable appara? 


As)S3- I 
us for determ! 


285 


ORTHO- 


dioxide, oxygen, and carbon monoxide in flue or exhaust gases. A measured 
volume of the gas is successively passed through three tubes, the first of 
Which contains potassium hydroxide to absorb the CO, the second alkaline 
Pyrogallol (benzene-1,2,3-triol) to absorb O,, and the third copper(I) chlo- 
tide in hydrochloric acid to absorb the CO. The diminution of volume after 
the gas has been Passed through each tube indicates the quantity of each 


ortho- 1. Prefix denoting right, straight, correct. 2. Denoting adjacency in 
Position in a hexagonal ring of atoms, Particularly the benzene ring. Abbre- 

Viated to o- as a prefix in naming a compound, e.g. o-dichlorobenzene is 

1,2-dichlorobenzene. Compare meta; para. 3. Prefix formerly indicating an 

inorganic acid (or a Corresponding salt) of a higher degree of hydration; 
€. orthophosphoric acid, H3PO,, as compared with metaphosphoric acid, 
HPO}. 

orthochromatic film A photographic film sensitive to green in addition to blue 
and violet light, thus giving a more accurate representation of colours in 
monochrome than ordinary film. See Photography. 

orthoclase feldspar Natural potassium aluminium silicate, K20.Al,03.6Si07. 
A constituent of granite. 

orthogonal 1. (math.) Rectangular, or involving right angles. 2. (of crystals ) 
Having a set of mutually perpendicular axes, 

orthohydrogen Hydrogen molecules in which the spins of the two constituent 
nuclei are parallel. Compare parahydrogen. 

orthophosphoric acid H3PO4. See phosphoric deids. 

oscillator 1. A device for producing sonic or ultrasonic pressure waves in à 
medium. 2. A device with nO rotating parts for converting direct current 
into alternating current; it usually consists of a transistor coupled with a 
Suitable resonant circuit. A sinusoidal oscillator produces an output current 
or voltage that has the form of a sine wave. 

oscilloscope See cathode-ray oscilloscope. 

osmic acid Osmium(IV) Oxide, osmium tetroxide, OsO4. A colourless crystal- 
line solid, m.p. 40*C.: its solution is used as a stain for fat globules in 
microscopy. 

osmiridium A natural alloy of osmium (up to 48%) and iridium, with smaller 
amounts of platinum, rhodium, and ruthenium. Hard and resistant to cor- 
rosion, it is used for tipping pen-nibs. 

osmium Os. Element. R.a.m. 190.2. At. No. 76. A hard white crystalline 
metal. The heaviest substance known; r.d. 22.57, m.p. 3045°C, b.p. 5027*C. 
It occurs together with platinum (see osmiridium ) and is used in alloys with 
platinum and iridium. 

osmometer An instrument for measuring osmotic pressures. 

osmosis The flow of water (or other solvent ) through a semipermeable mem- 
brane; i.e. a membrane that will permit the passage of the solvent but not 
of dissolved substances, There is a tendency for solutions separated by such 
a membrane to become equal in molecular concentration; thus water will 
flow from a weaker to a stronger solution, the solutions tending to become 
more nearly equal in concentration. 3 S. 

Osmotic pressure The pressure that must be applied to a solution in order to 
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> 


able membrane separating 
lvent is allowed to flow 
the 


same osmotic pressure 
at the same fempera- 
and volume of - temperature, 
exactly similar a dilute solution of a non-electrolyte are connected by laws 
Pressure and mds the gas laws, ie. IV = RT, where II is the osmotic 
erty, i.e. it d is the gas constant. Osmotic pressure is 3 colligative prop- 
nature, lepends on the number of particles in the solution, not on their 
Ostwal 
d's diluti : 
ation ), tution law A law relating the dissociation constant, K (see dissoci- 
lyte of con the degree of dissociation (or ionization ), % of à weak electro- 
electrolyte icentration c moles per litre. This law states that for a binary 
K = ca?/(1 — 9) , 
with a fair degree of accuracy to weak organic 


a E 

n equation that applies 
fter Wilhelm Ostwald (1853-1932). 

ibustion engine invented by Nikolaus 


e: 
Du and bases, Named a 
OUS ES A four-stroke infernal-con ed by | 
Nee in 1876. In the i eal Otto cycle, On. which it is based, 
EE ustion takes place at constant volume, wher in the later Diesel 
cr combustion takes place at constant pressure. 
cand C35H44012. A white crystalline glycoside, m.p. 
m wood; itis used as à heart stimulant. 
2. (fluid) 8 fluid drachms 


oui 
nee 1. (avoirdupois) 437.5 B 28.3 grams. 
8.41 cm}, 3. (Troy) 4 grams. 
ensity and higher pitch (i.e. of higher frequency ) 
on the latter to give a note 


Ovi 
naa Notes of lesser int | 
an the fundamental note, and superimposed up 1 
Overtones are the upper harmonics 
i rtone is used synony- 


200*C., obtained 


ot characteristic quality- 
notion as applied to soun waves. Sometimes ovel 
but sometimes the fundamental is 
first overtone is the sec- 


mously with harmonic 

regarded as the first harmonic, in which case the 
ond harmonic. 

Ovshinsky device Ovonic device. A device consisting of a special glass, which 
Incorporates selenium and tellurium, the resistance of which drops rapidly 
when a suitable voltage is applied across it. These devices are used as 
special purpose switches in electronic circuits. The type that stays ‘on’ after 
the voltage has been removed is called a *memory switch'. 

josis from an oocyte. 


ovum A female gamete produced by met 

oxalate A salt or ester of oxalic acid. 

Gxalic acid! Eibagedioicyacide (COOH)2:2H20- A white crystalline poisonous 
ebletso A apip roe whose salts OCCUT in wood sorrel and other 
plants. It is used in dyeing, bleaching. in! metal polishes, and 
for removing ink stains. 

oxidant The substance that supp! 


lies the oxygen in an oxidation reaction, The 
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OXIDANT 


OXIDASE 


term is frequently used with reference to the substance that supplies the 

oxygen in a combustion process, particularly in a rocket. The oxidant used 

in rockets is usually liquid oxygen, hydrogen peroxide, or nitric acid. 
oxidase An enzyme that catalyses oxidation of the substrate. 


Fe* +, to an iron(III) ion, Fe * + +. 
oxidation number Oxidation state, The number of electrons that must be 


added to a positive ion or removed from a negative ion to produce a 
neutral atom. Pure elements have an oxidation number of 0. In electrova- 


compounds, e.g. FeO; is known as iron(III) oxide. 
oxidation-reduction reactions See redox reactions. 
oxide A binary compound with oxygen. Oxides of metals are usually electrova- 


lent (see valence) and basic or amphoteric. Oxides of nonmetals are usually 
covalent, and acidic or neutral. 


oxidizing agent A substance that brings about an oxidation Teaction. 


` oxime A compound formed from hydroxylamine, (H; NOH) and an aldehyde 


(aldoximes) or ketone (ketoximes), i.e. a compound containing the group 
—C:NOH. 


oxirane See epoxyethane, 
oxo- Prefix denoting the O= radical in a compound. 


© 


onium ion (H30 +), which forms when acids dissolve in water. 

2-oxopropanoic acid See pyruvic acid. 

oxyacetylene burner A device for obtaining a very high-temperature flame 
(3300*C.) for welding, by burning a mixture of oxygen and acetylene 
(ethyne ) in a special jet. 

oxydiacetic acid See oxydiethanoic acid. 

oxydiethanoic acid Diglycolic acid, oxydiacetic acid, O(CH;COOH);. A white 
soluble dibasic organic acid, m.p. 148*C., used in the manufacture of plastics 
and plasticizers, 

oxygen O. Element. R.a.m. 15.9994, At. No. 8, mp. -214.4°C., b.p. —183°C. 
An odourless, invisible gas; the most abundant of all the elements in the 
Earth's crust including the seas "and the atmosphere; it forms approximately 
one fifth of the atmosphere. It Occurs as diatomic molecules, O», and as the 
triatomic allotrope, O3, known as ozone. Oxygen is chemically very active; 
combustion and respiration both involve combination with oxygen and com- 
Pounds “oxides ) are very widely distributed. The pure element is made by 
the fractional distillation. of liquid air. Yt is used for welding and metal- 


OXyhaemoglobin An unstable compound formed by the action of oxygen on 
haemoglobin in respiration. 


288 


Oxyh: 

iorum biter A device similar to the oxyacetylene burner except that — 

. tempe; nstead of acetylene (ethyne ) js burnt in oxygen; it gives a flame 

Sokerit rature of about 2400°C. 
preyish ME A natural mixture of solid hydrocarbons. A brownish or 

E. An resembling paraffin wax. 
cule. it An allotropic form of oxygen, containing three atoms in the mole- 
agent. s a bluish gas, very active chemically, and a powerful oxidizing 
discha zone is formed when oxygen or air is subjected to a silent electric 
givin; arge. It occurs in ordinary air in very small amounts only; the health- 
Eis effects sometimes attributed" ito tunisas probably due to 
It is causes. Ozone in the atmosphere is mainly present in the ozone layer. 

ozone Sa for purifying air and water, and in bleaching. 2 
kil ayer Ozonosphere. The layer in the upper atmosphere, some 15 to 3! 

ometres above the Earth's Surface, in which most of the atmospheric 

Are is concentrated. Tt is responsible for absorbing à large Proper of 
E BUTS ultraviolet radiation. Without this absorption the would be 
uubjected to a degree of ultraviolet radiation lethal to plants. 
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PACKING FRACTION 


packing fraction The difference between the relative atomic mass of an isotope 
and its mass number, divided by the mass number. E.g. one chlorine iso- 
tope has a mass of 32.9860 and a mass number of 33, its packing fraction 


‘emulsion paints’. Such Paints usually consist of an emulsion of butadiene 
and styrene, polyvinyl acetate, or acryli 


Pair production The creation of a negati 


palaeontology The branch of geology that is concerned with the study of 
$ fossils and their relationship. to the evolution of the Earth's crust and life 


palladium Pd. Element. R.a.m. 106.4. At. No. 46. A silvery-white metal that 
Occurs with and resembles platinum. R.d. 12.02, mp. 1549*C.. b.p. 3140*C. 


64°C., that occurs in the form of tripa 


ic aci ite i ie f the vitamin B 
pantothenic acid Hi5NO;. A white insoluble solid member of ‘amin 
complex, of pn to many organisms. It occurs in rice, bran, and 
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NR 
PARAFORMALDEHYDE 


of cells, being a 
tion of fats and 


Plant and ani 

and a : 3 
Constituent E tissues. It is essential for the growth 
carbohydrates, enzyme A, which is required in the oxida 


Papain An enz 
Capable ae found in the fruit and leaves of the paw- 
gesting proteins. It is used for softening meat 


sumption, 
Papaverine 
from opio Hai NO. A white insoluble alkaloid, m.p. 147°C., obtained 
antis ; it is used in the form of its hydrochloride in medicine as an 
m pasmodic. 7 
per Pa 
wood al pomali canai of sheets of cellulose, 
Temoved 5 rom which /ignin and other non-cellulosi 
Tosin) are illers (e.g. chalk and clay) are added for opacity and sizes (C. 
Slurry of added for water resistance. In the paper-making machine the 
pulp and additives is dried and calendered into thin sheets. 


Paper 

pubs pro tograpiy A form of chromatography in which the mobile phase is 

Mixture js the stationary phase is a strip of porous paper. A drop of the 
the solve; placed at one edge of the paper and eluted (see elution ) with 
across thes The components are separated by the rates at which they move 
their flu € paper with the solvent. Identification can be by indicators or by 

Para 1 orescence in ultraviolet radiation. 
tions pu denoting beside, beyond; or wrong, irregular. 2. Denoting posi- 
enzen t Opposite apexes in a hexagonal ring of , atoms, particularly the 
Mchlor enero Abbreviated to p- as à prefix in naming a compound; e.g. pP- 

enzene is 1,4-dichlorobenzene. Compare ortho; meta. 

that moves so that its distance from a 

i aight line, the 

i its 


paw tree that is 
for human con- 


mainly obtained from 
c materials have been 


Parabolic reflector Paraboloid reflector. A conc 
Which is a parabola. It is used for producing à p ; 
netic radiation when a source is placed at its focus, or for collecting and 

llel beam of radiation. If the radiation is light 


focusing an incoming paral radiat 1 i 

the reflector is usually called a parabolic mirror, but with microwave or 

Rs frequency radiation (see radio telescope) it may be called a ‘dish aer- 
ial. 

Paraboloid of revolutio ing a parabola about its 
axis of symmetry- 
Paracasein See caseinogen. 

paraffin (chem.) See alkanes- 
A mixtur: 


paraffin oil Kerosine: 
e boiling range © 


n The surface obtained by rotati 


e of Aydrocarbons obtained in the distillation of 
f the kerosines is 150*—300*C. It is used for 
es, and domestic heaters. S 


petroleum. : i r 
paraffin lamps oil-burning engines o 
raffin wax ^ white translucent solid melting to a colourless liquid in the 
PS n 50*—60*C- It consists of a mixture of the higher alkanes. Tias used 

ran Ee ndles, waxed paper. and polishes. 
dehyde Polymethanal, paraform. (HCOH),. A solid polymer of for- 


paraformal 
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PARAHYDROGEN 
maldehyde (see methanal ), readily converted into formaldehyde on heating. 


It is used in fumigation. 


parahydrogen Hydrogen molecules in which the spins of the two constituent 
nuclei are anti-parallel. Compare orthohydrogen. 

paraldehyde Ethanal trimer. (CH;CHO);. A liquid polymer of acetaldehyde 
(see ethanal), b.p. 124°C. It is used in medicine as a hypnotic. 


APPARENT 
POSITIONS 
OF STAR 


PARALLAX 


Figure 31. 


either on the Earth's surface rather than its 
the Earth rather than the centre of the Sun 
allax is expressed as the angle P in Fig. 31. 


centre (diurnal parallax), or on 
(annual parallax). Annual par- 


Figure 32. 
parallel, conductors in Electrical conductors joined in parallel between two | 
points A and B, so that each conductor joins A to B. If Rj, Rz, Rs, etc., 
are the, resistances of the s 


eparate conductors, the total resistance R 
between A and B is given by the formula: 


VR = VR, MR; + VR, ...etc. 3 
See Fig 32. 
parallel beam of light A beam of light that neither converges nor diverges. It 
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PARITY 


ea of a beam of light emerging 


is a theoretical concept, based on the id 
Lasers are capable of producing 


from a source an infinite distance away. 
nearly parallel beams. 
parallelepiped A solid figure having six faces, all pa 
pairs of faces being identical and parallel. 
parallelogram A plane four-sided rectilinear figure having its opposite sides 
parallel. It may be proved that in all parallelograms the opposite sides and 
angles are equal; the diagonals bisect each other; and the diagonals bisect 
the parallelogram. The area of a parallelogram is given by (a) the product 
of the base and the vertical height, and (b) the product of two adjacent 
sides and the sine of the angle between them. 
parallelogram of forces If a particle is under the 
are represented in direction and magnitude by the two sides of a parallelo- 
gram drawn from a point, the resultant of the two forces is represented by 


the diagonal of the parallelogram drawn from that point. 
parallelogram of velocities If a body has two component velocities, represented 


in magnitude and direction by two adjacent sides of a parallelogram drawn 
nt velocity of the body is represented by the diago- 


from a point, the resulta 

nal of the parallelogram drawn from that point. 
paramagnetism Substances possessing a magnetic permeability slightly greater 

than unity, i.e. possessing à small positive magnetic susceptibility, are said 
to be paramagnetic. The atoms of a paramagnetic substance possess a per- 
balanced electron spins OT unbalanced 


manent magnetic moment due to un 
ons around the nucleus (see atom, structure of). 


orbital motions of the electri r 
Application of a magnetic field to such a substance tends to align the 
magnetic axes of the atoms in the direction of the field, giving the sub- 
stance a resultant magnetic moment. TI j 
param i 1 analytical geometry it is often convenient to 
nis hird variable t, such that x 


express the variables of a tl l 
B y are functions of t; X = f(t), ¥ = g(t). The equations are termed 


ons, and t is a parameter. 2. A variable that can be kept 


parametric equati d 
constant while the effect of other varia! 
parametric amplifier An amplifier of microwaves 
variation, by an alternating voltage, of the reac 
semiconductor device. by a nuclide that does not result 
b: tion of a neutron by & ide | 
re on c D production of a useful artificial element. 
Paris green. Schweinfurt green: A double salt of copper(II) ethanoate and 
arsenate(IID. Cu(CHs COO); 3Cu(As02)2- It is used as a pigment, insecti- 
cide, and a wi 


rection symmetry. Mirror symmetry. The Ernie Ok Spaces 
or conservation of parity, states snp fundamental 
de between left and right; that the laws of physics are 
ded system of coordinates as they cre in a lef 
holds for all the phenomena described by classi a 
physics, but in 1957 it was shown to be violated by certain inte ion 
between elementary particles. For all strong interactions and el ages 
interactions parity is conserved, that is to say, if a lef rized. particle 
5 eft-polarized particle 
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rallelograms; all opposite 


action of two forces, which 


PARSEC 


>» In a typical weak interaction, such as the decay of a 
neutron, the emitted e i 


Servation of parity in weak interactions it is now Possible to make a funda- 
mental distinction between left and right. 

If parity is conserved, it is said to be even (or positive) when the wave 
Junction of a definite state of a system is left unchanged by reversing the 
sign of all the coordinates; it is said to be odd (or negative) if the sign of 


parsec An astronomical unit of distance, corresponding to a parallax of one 
second of arc and equal to 19 x 10!2 miles, 3.26 light-years, or 3.084 X 
1019 metres. 

parthenogenesis The development of an ovum into a new individual without 
fertilization by a male gamete. It occurs naturally in some plants (e.g. 
dandelion) and some animals (e.g. aphids) and can be induced artificially 
in others, 

partial derivative The derivative of a 


function with respect to only one of its 
variables, all other variables in the 


function being taken as constant. 


rated, so that the sum of Partial fractions so obtain 
fraction. E.g. the Partial fractions of V(x? — 1) are 
- 1/2(x — 1) and =1/2(x + 1). 
of partial pressures. 
particle accelerator See accelerator. 


particle physics The branch of Physics concerned with nuclear structure and 
the properties of elementary particles, 

partition coefficient The 

immiscible solvents, at 


the water layer and Some in the benzene layer. At equilibrium, the rate at 
Which iodine molecules cross from the 


equal to the rate of the reverse 
equilibrium constant for the proce: 
tion of the solute in the more soluble phase is the numerator. 

parton A basic particle, 
are formed. 


Parylene polymers A series of polymers derived from di-1,4-xylylene, 


(CHC, H4CH5);. They are used for dielectric coatings in electronic equip- 
ment. 


pascal The derived SI unit Of pressure, equal to 1 newton per square metre. 
Symbol Pa. Named after Blaise Pascal (1623-62). 


Pascal’s law of fluid Pressures. Pressure applied anywhere to a body EU 
causes a force to be transmitted equally in all directions. ghi ore a 
right angles to any surface within, or in contact with, the fluid. 
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PENDULUM, SIMPLE ' 


Paschen seri , 
series A series of lines that occurs in the infrared region of the 
aschen (1865-1947). 


D 
P. e iw hydrogen. Named after Friedrich P 
EPA Pid The breakdown or ‘sparking potential’ for a pair of parallel 
Rhein fo: Situated in a gas, i.e. the potential that must be applied between 
SP the sparking to occur, is a function only of the product of the pressure 
Nc ne and the separation of the electrodes. 
m eh Denoting an electronic component, such as a capacitor, that does 
DE plify a signal. 2. See satellites, artificial. Compare active. 
EL A state of metals in which they become resistant to corrosion after 
s ment with strong oxidizing agents. It results from the formation of a 
urface oxide film. 
asteurizati 3 E: r 
Pasteurization Partial sterilization, especially of milk; it involves heating to a 
iginally heated to 


Ceruperature sufficiently high to kill bacteria. It was On he: 
t C. for 30 minutes followed by rapid cooling, now however, it 1S usual 
O heat it to a higher temperature for a shorter time. Named after Louis 


Pasteur (1822-95). 
Pathogenic Causing disease. A pathogen is an organism 
Patronite Vanadium sulphide, VS4, a naturally occurring Ore from which 
vanadium is extracted. 
Pauli exclusion principle 


that causes disease. 


Each electro! d the nucleus of an atom 
can be characterized by values of four quantum numbers. The principle 
states that no two electrons in an atom can have the same set of four 
quantum numbers. The principle is of great importance in the EA 
building-up of the periodic table. Named after Wolfgang Pauli (1 —58). 
Pearl A secretion consisting mainly of calcium carbonate, CaCO3, produced 
by various molluscs. 
Pearl ash Potassium ca! 
pearlite A microconstituent 
ferrite and cementite. 
Pearl spar See dolomite. 


n moving roun 


le from wood ashes. 


mad 
f alternate layers of 


rbonate, Ka CO3: n 
of iron Or steel. consisting ol 


| from vegetable matter. It is an 
aterial, and is used as fuel. 

ing in plants, particularly 
this is responsible for 


peat An early stage in the formation Ss 

accumulation 9 artly decompo dp citant 
pectins A cl of co plex polysaccna d 1 
ji iid the power of setting to à jelly; 


fruits. Solutions have 
jams. 


the ‘setting’ of J” "ate 
l s um xi nonanoic acid. l 
paier « en a cond current flows across the junction between two 
Prem muge etus, qund heat, proportional to the 
toi de tric ehao crossing the junecon, I5 evolved or absorbed, dependin, 
on he d TE i acti on EA is due to the existence of ae 
on rece rce at the junc! jon. Named after Jean Pelti 
Sa eltier (1785— 
electron secbeck gee a aa 
mixture O! graphite with clay in à 
penet ent ae cl E ry in various proportions, to give 
F &) A collecti r : : 
cil of night (PHY ) ection of rays proceeding from or towards a 


point. simple A device consisti y 
p à ting of a weight or ‘bob’ A oc 
Bod of a string or wire. In the case of an ideal pen: ERIGI iam the 
» When the angle 
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PENETRATION FACTOR 


described by the pendulum is small, the string has negligible mass and the 
mass of the pendulum is concentrated at one point, the time of one com- 
plete swing, T, is given by the formula 2a V/I/g, where / is the length of the 
string, and g the acceleration of free fall. in the compound pendulum, 
Which is a body pivotted about a point within it, the period is given by 


20 V[(h* + k2)/hg], 
where A is the distance between the pivot and th 


the radius of gyration about the centre of mass, 
penetration factor The probability that an incident Particle, in a nuclear reac- 
tion, will pass through the nuclear barrier. 

Penicillin A class of chemically related antibiotics Produced by the Penicillium 
mould. It is a very powerful agent for Preventing the growth of several 
types of disease bacteria, by disrupting the synthesis of the bacterial cell 
walls. 

pennyweight 24 grains, 1/20 Troy ounce. See Troy weight. 

penta- Prefix denoting five, fivefold. 

pentachlorophenol C&CI;OH. A white insoluble derivative of phenol, m.p. 
174°C., used as a fungicide. 

pentaerythritol C(CH;OH),. A white soluble powder, m.p. 260*C., used in the 
manufacture of plastics, plasticizers, and explosives. 

pentagon A five-sided polygon: the angle between the sides in a regular penta- 
gon is 108°. 

pentane C5H)>. The fifth member of the alkane series that exists in three 
isomeric forms (see isomerism ). It is contained in light Petroleum; n-pen- 
tane has b.p. 36°C. and r.d. 0.62. It is used as a solvent, 

Pentanoic acid Valeric acid, C,H gCOOH. A fatty acid that exists in several 
isomeric forms, the common form being a colourless liquid, b.p. 186°C., 
with a pungent odour, It is used in perfumes. 

pentano! Amyl alcohol. CsH),OH. A colourless liquid, b.p. 137.3*C., with a 
characteristic smell, It exists in three isomeric forms (see isomerism yk 

pentavalent Quinquevalent, Having a valence of five. 

pentlandite A bronze sulphide mineral, (Fe,Ni)gSg, which is the chief ore of 
nickel. It occurs in Ontario, Canada, 

pentode A thermionic valve containing five electrodes: a cathode, an anode or 
plate, a control grid, and (between the two latter) two other grids called the 
Screen grid and the suppressor grid. 

pentosans Polysaccharides that yield pentoses on hydrolysis. 

pentose A monosaccharide containing five carbon atoms and having the gen- 
eral formula C;H, Os. The most important pentose is ribose, which is an 
essential constituent of the nucleic acids, 


pentyl The univalent radical C;Hj—: it was formerly called the n-amy! radi- 
cal. e 
j i ter of 
pentyl ethanoate Amyl acetate, banana oil. CH, COOC; H; 1. An es 
pentanol and ethanoic acid. A colourless liquid, b.p. 148°C., with = odour 
of pear drops, It is used as a solvent and in perfumes and flavours. 
Penumbra Half-shadow; it is formed when an object in the papot rays from 
a large source of light cuts off a portion of the light. See shadow. 
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€ centre of mass and k is 


T 


Pepsin A digesti PERIODIC TABLE 
Erion ligestive enzyme produced in the Lu 
Pentidas es; it acts only aidan aa ie stomach that converts proteins into 
se An enzyme id medium. 
also DAAE, that attacks peptide linkages and split 
ide A c : 
Cora compound of two or m mahpal " i 
sation of the nore (see polypeptide ) amino acids formed by 
another, The pe id -NH3 group of one acid and the carboxyl group of 
Peptones aed: ptide linkage, -NH-CO— results. 
action of ic substances produced by the Aydroly 
absorbe pde in the stomach. They are soluble i 
Boer Ue poog 
Six denoting i 
amount Eu In chemical nomenclature, an excess of the normal 
perborate A an element in à compound; €.& peroxide. 
Perboric np of perboric acid, HBO3. 
the perb R HBO;- A hypothetical acid known only in th 
perchlorate rates; e.g. sodium perborate. 
perchlori e A salt of chloric( VID) acid (perchloric 
Veteussi c acid See chloric acids. 
der OR cap A device used in fire-arms- It consists 
on aca mercury cyanate OF other violent exp 
perdi dd struck, thus initiating the explosion of the 
perl sulphuric acid See sulphuric acids. 
te: gas Ideal gas. A theoretical concept of a gas that would obey the gas 
x ws exactly. Such a gas ist of perfectly elastic molecules, the 
Tome occupied by th actual molecules, and the forces of attraction 
DEC. them, being zero OF negligible. 
- Prefix denoting around, about. 
ide, MgO- 


periclase Natural magnesium ox! 
Pericynthion The time of, or the point of, 
i posite of ap 


in lunar orbit to the ‘Moon's surface. 
an à! ificial Earth satellite, au 
he Earth. It is the 


s off amino acids. 


sis of proteins by the 
n water, and are 


e form of its salts, 


acid). 


of a small copper cylin- 
losive that will explode 


main charge. 


Perigee The Moon, the Sun, oF 
perigee when they are at their least distance rom t 
opposite of apogee- 
f, or the point of, the nearest approach of a planet to 
ee Fig. L under anomoly. 
circle 


perihelion The time © 
perimeter of a 


the Sun. It is the opposit 


perimeter The distance all round à 
a function of time, this, 
T, the quantity 1$ said to 


is its circumference. 
period 1. (phys-) If any quantity is a fun 
repeats itself exactly after constant time intervals J 
T is ca the peri of the function. chem.) See 


e of aphelion. S 
plane figure; ¢-& the 


and this function 


be periodic, and 
periodic table. 
periodate A salt of iodic(VIL 
periodic acid See iodic( VII) acid. 
periodic law The statement thàt ^ : 
dependence upon their atomic weights » publish: 
The law is brought out clearly when the, elements are 
periodic table. 
periodic table An arran 


ents ace in periodic 
ed by Mendeleev in 1869. 
arranged in the 


gement of the chemicàl elements in order of their 
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PERIPHERALS 


atomic numbers to demonstrate the periodic law. In such an arrangement 
elements having similar properties occur at regular intervals and fall into 


electrons in their outer shells fall into the same vertical group and have 


atoms. 


peripherals Peripheral devices. Devices connected to the C.P.U. or the high- 
speed store of a computer. Forming part of the hardware, they include back- 
ing storage, input and output devices, on-line equipment, visual display units, 
etc. 


Periphery The external surface or boundary of a body; the circumference or 


Permalloy* A class of iron-nickel alloys with hi 
are used in parts of electrical machinery t 
magnetic fields as they cause only low loss 
They are also used in computer memories, 


igh magnetic permeability. They 
hat are subject to alternating 
es of energy due to hysteresis. 


cannot be liquefied by pressure alone; a gas above 


Permanent hardness of water Hardness that is not destroyed by boiling the 
water. See hard water. 


permanganate See manganates. 

permeability A body is said to be permeable to a substance if it allows the 
passage of the substance through itself. 

permeability, magnetic See magnetic permeability, 


where r is the difference between the charges. ghas the value 8.854 185 2 
10512 Pim), 5 The relative permittivity, ej, also called the M NEC. 
stant, is the ratio of the capacitance of a capacitor with a specifie Saat 
(dielectric) between the Plates, to the capacitance of the same cap 
with free space between the plates, i.e. & = £/tg. 
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à 
~ ae Fn. 
e es ee À 
PERTURBATIONS 


Material Relative Dielectric 
Permittivity Strength 
, V/mm 
Air 1 = 
Paraffin Wax 2.0-2.5 6.2x 10* 
Rubber 2.8-3.0 1.2x 10° 
Shellac 3.0-3.7 3—9x 10* 
Bakelite 4.5-7.5 2—9x 10‘ 
Porcelain 6.0-8.0 10*—10* 
Mica 6.0-8.0 2—6x 10* 


Th 4 PE $ 5 
he value of the relative permittivity of some common dielectrics at room 


dues is given in the table. 
Peu aa A I) acid See sulphuric acids. 

eR (math.) An arrangement of à specified number of different 

S E.g. the six possible permutations of the digits 123 are 123, 132, 

, 231, 312, 321. The number of possible permutations of n objects if all 

are taken each time, denoted by "Pj, IS factorial n. The number of permu- 

tations of n different objects taken r at a time, np,, is nM(n — r)!. See also 


combination. 
peroxide 1. An oxide that yields hydrogen peroxide with an acid, 2. An oxide 
that contains more oxygen than the normal oxide of an element. 
peroxodisulphuric(VI) acid See sulphuric acids. 
peroxosulphuric(VI) acid See sulphuric acids. 
perpendicular At right angles; à straight line making an angle of 90* with 
another line or pane. j 
of a machine that, once set in motion, will go 


perpetual motion The concept thi c 
ithout receiving energy. It is impossible to make a machine 
ie. create energy without 


on for ever wi 

that will go on for ever an 

receiving energy from outside. To do so would contravene the first law of l 
thermodynamics- To create a machine that would give perpetual motion of x 
the second kind, e.g. à ship driven by the ocean, would contra- b: 
vene the second law of thermodynamics. > 
ce of vision The sensation of light, 
r a brief interval after the actual 
if they follow one another su 
on. Use is made of this in the 


d by the brain, per- 
'emoved; succes- 
produce a con- n 
or and in televi- X 


as interprete 
light stimulus is r 
fficiently rapidly, 
cine-project 


persisten 
sists fo 
sive images, 
tinuous impressi 
sion. 
personal equati 
perceptii 
error is int 
observed even 
Perspex* See p 
persulphuric acit 
rturbations Deviatio 
cal orbits, as à result of their gravitational attractions for each oth 
other. 
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al or lag peculiar to a person between the 
nt. In many physical observations an 
n the actual occurrence of the is 


by the observer, and its recording, 


PESTICIDES 


pesticides Substances that kill Pests; they include insecticides and fungicides. 
peta- Prefix denoting one thousand million million; 1015, Symbol P, e.g. 
Pm — 10!5 metres, 


Petri dish A shallow flat-bottomed circular Blass dish, which may have a 
ed 


as hexane, heptane, and octane; other fuels 

the antiknock compound lead tetraethyl, are often added. 
petrolatum Petroleum jelly, Vaseline*. A purified mixture 

sisting of a semi-solid whitish or yellowish mass. 


petroleum ether A flammable mixture of the lower hydrocarbons of the alkane 


Series consisting mainly of pentane and hexane, b.p. 30—70*C. It is used as 
a solvent. 


Phagocyte A blood cell (particularly a leucocyte) that can engulf a foreign 
particle or bacterium. 


Pharmacology The study of the action of chemical substances upon animals 
and man. 


pharmacophore The Portion of a molecule of a substance that is regarded as 
determining the special Physiological action of the substance. 
pharmacy The preparation and dispensing of drugs and medicines.. 
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24 n ^ r 
PHENOBARBITONE 


phase (ch 
em. 
) A separate part of a heterogeneous body or system. E.g. a 
while a solution of salt in 


mixture 4 
water 5 of ice and water is a two-phase system: 
phase (ph a system of one phase. j 
PTS S Points in the paths of two or more wave motions are said to 
cycle; i.e. if real phase if they have reached the same fraction of the 
One of the ne wave motion has the same phase angle at these points. 2. 
more ieu in a system or apparatus in which there are two or 
another. In is voltages displaced in phase (meaning as 1) relative to one 
Period ie K two-phase system the displacement 15, one quarter of a 
phase a ; a ‘three-phase’ system it 1S one third of a period. 
monicallv 1. (phys) The angle betwee enting two har- 
TOTH varying quantities (e.g. curren have the same 
jos y. 2, (astr.) The angle, seen from between the 
de " and the Sun. 
TH bro microscope A microscope 
differs ht transmitted or reflected by an 
rhe encesjin intensity. 
eee A diagram showing t ns 
[s re and jis effects of composition 
3 e) on em. 

phase modulation Modulation of the phase angle of à sinusoidal carrier wave. 
The phase of the modulated wave differs from that of the carrier by an 

amount proportional to the instantaneous value of the modulating NB, 
ous system in equilibrium, the 
of freedom is 


Phase rule F+ P= C+ 
ber of degrees 
. Eg. with ice, water, and 


n the vectors repres 
4 and voltage ) that 
the Moon or a planet, 


e difference in phase of 


that uses thi 
image by relative 


object to form an 


etween various phases ina 
and conditions (tempera- 


sum of the number of ph 

equal to the number of components, lug oh E s 3 then Berson 

water v i ilibri the number O phases 1S ^» jum DEL <0) 
r vapour in equilibrium, d of freedom is 0; the 


the number of [ 
since no single variable can be changed 


components I, 
system is said to be invariant, 
without causing the disappearance of one phase from the system. 
of the illuminated surface of the 
full Moon, third 


phases of the Moon The various shapes 
Moon as seen from the Earth (new Moon, first ¢ 
quarter); due to variations in the relative positions ol 

Moon. 
phasor A rotating vector representing à quantity t 
length represents the ‘amplitude of the quanti 
lar velocity equal to the quantity’s angul 
tities can be represented as the 


between two quan 
CH; CONHCg Ha OC? Hs- A white 


phasors. 
phenacetin 1 4-ethoxyphenylethanamide. 1 
134.77 C., used to relieve pain and as an antipy- 


crystalline substance, m.p. 

retic. 
phenazine Ce HN? Ce Ha- A. yellow crystalline. substance, 
in the manufacture of dyes. ? 
Fette C&H5 OC3Hs- Ethoxybenzene. A volatile aromatic liquid, b.p. 172°C. 
pucobermitüne Phenylethylbarbituric acid: CgHs.C;Hs.C(NHCO):CO. A 
HS crystalline powder, m.p. 174°C. it is used as a sedative and hypnoti 
g usually in the form of the soluble sodium salt. : 


t quarter, 
f Earth, Sun, and 


hat varies sinusoidally. Its 
d it rotates with an angu- 
cy. The phase angle 
angle between two 


m.p. 171°C., used 
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PHENOL 


phenol Carbolic acid. C;H;OH. A white crystalline solid, m.p. 41°C., with a 
characteristic ‘carbolic’ smell. It is soluble in water, corrosive, and poison- 
ous. It is used as a disinfectant and in the manufacture of plastics and dyes. 

phenol-formaldehyde resin Phenolic resin. A very widely used type of syn- 
thetic resin produced by the condensation of Phenols with formaldehyde (see 
methanal), it forms the basis of thermosetting moulding materials, and is 
also used in paints, varnishes, and adhesives. 

phenolphthalein C; oH; 404. A colourless crystalline solid, m.p. 261°C, A solu- 
tion in alcohol turns a deep purple-red in the presence of alkalis (pH 
greater than 9.6), and is used as an indicator. It is also used in dye manu- 
facture and as a laxative. 

phenols A class of aromatic organic compounds containing one or more 
hydroxyl groups attached directly to the benzene ting. They correspond to 
the alcohols in the aliphatic series, forming esters and ethers, but they also 
have weak acidic properties and form salts. See phenol. 

phenothiazine Thiodiphenylamine. C6 H4NH.S.C6H4. A green insoluble sub- 
stance, m.p. 185.5°C., used as an insecticide and in the manufacture of 
drugs. - 

phenotype 1. The characteristics possessed by an individual organism as a 
result of the interaction of its inherited characteristics (see genotype) with 
its environment. 2. A group of organisms having the same phenotype 
(meaning 1). 

phenyl The univalent radical C6H5 —. 

phenylalanine A crystalline soluble amino acid, m.p. 283°C., obtained from 
eggs and milk. It is essential to the diet of mammals. See Appendix, Table 
5 


phenylene The bivalent radical —C6H4—. In modern terminology this has 
been replaced, e.g. p-phenylene diamine would now be called benzene-1,4- 
diamine. 

phenylethanamide Acetanilide. C;HsSNHCOCH;. A white crystalline solid, 
m.p. 112°C. It is used in the manufacture of dyes and drugs and as an 
antipyretic. 

phenylethanone Acetophenone. C; Hs5COCH,. A colourless sweet-smelling liq- 
uid, b.p. 202.3*C., used in perfumes. 

phenylethene See styrene. 

phenylmethanol Benzyl alcohol. C&;H5CH5;OH. A colourless aromatic liquid, 
b.p. 205.3*C., used as a solvent and in the manufacture of perfumes and 
flavours. 

3-phenylpropenoic acid See cinnamic acid. 

pheromones Chemical substances secreted by an organism that elicit a 
behavioural response from other organisms of the same species, especially 
substances that act as sex attractants. adits 
hlogiston theory A theory of combustion that was generally accept $ 

p the eighteenth Sedis il it was refuted by Lavoisier. All combustible 
substances were supposed to be composed of phlogiston, which escaped on 
burning, and a calx or ash, which remained. Replacement of phlogiston 
into the calx would restore the original substance. Lavoisier realized that 
the calx was in fact the oxide formed with oxygen during combustion. 
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PHOSPHORUS 


ae See mica. 

On A uni 

«dress: Less ce used in measuring the intensity of sounds. The 
Sound of f ons, of any sound is equal to the intensity in decibels of a 
quency 1000 hertz that seems as loud to the ear as the given 


sound, 
Phonon 
If re ae garh of thermal energy in the lattice vibrations of a crystal. 
isiti vibrational frequency the magnitude of the phonon is hf, where h 
ph e Planck constant. 
osg 
S Carbonyl chloride. COCh. A colourless poison 
hee. resembling musty hay. It is used as an in 
"d es and was used in World War I as à war gas. 
pue te A salt of phosphoric(V) acid, H4 PO4. Phosphates are used as fertil- 
mus io rectify a deficiency of phosphorus in the soil. 
te PH3. A colourless flammable poisonous gas with an unpleasant 
ell. It is used for doping ser 


ous gas with a pene- 
termediate in organic 


iconductors. 


prospe acid See hypophosphorous acid. 
phosphite A salt of phosphorous acid, H3PO3- 
ids that contain phosphoric acid 


Phospholipids Phosphatides. Compound lip: 
s bases. They are found i 


groups and nitrogenou 


n brain tissue and in egg 


oring energy (par- 


yolk. 
phosphor A substance that is capable of luminescence, i.e. St 
radiation ) and later releasing it in the form of light. 
hort delay (between 10-19 and 


ticularly from ionizing 
If the energy is released after only a5 
10-4 second) the substance is called a ‘scintillator’. 
phosphor bronze An alloy of copper (80%-95%), tin 
phorus (0.25%—-2.5%) that is hard, tough, and elastic. 
uminescence in which a substance emits light of 


phosphorescence A form of lu s inc. 
one wavelength after having absorbed electromagnetic radiation of a shorter 
ay continue for a con- 


wavelength. Unlike fluorescence, phosphorescence m 
siderable time after excitation. 


phosphoric acids 1. Phosphoric(V) 
1 solid, m.p. 4 


(5%- 15%), and phos- 


acid, orthophosphoric acid. H3PO4. A col- 
ourless deliquescen 2.5°C. It is used in fertilizers and for 
flavouring drinks. 2; Metaphosphoric acid. (HPO3);- A. glossy deliquescent 
colourless solid polymer derived from phosphorus(V) oxide. 3. Heptaox- 
odiphosphoric(V) acid, pyrophosphoric acid. H4P207- A crystalline soluble 
substance, m.p- 61°C., formed from phosphorus(V) oxide and two mole- 
cules of water- 
phosphorous acid H3POs 
73.6°C., from which phi 
. Element. R- 


. A colourless deliquescent crystalline substance, m.p. 
osphites are obtained. See also hypophosphorous acid. 
It occurs in several allo- 


a.m. 30.9738. At. No. 15. 
rus (rd. 1.82) and red phosphorus (r.d. 2.20) 
r iş a waxy white, very flammable and 


being the cO 
solid, m.p. 44°C., b-P- 280°C. Red phosphorus is a~non-poison- 
flammable. The element occurs only 


poisonous - 
ous dark red powder that is not very 
combined state. mainly as calcium phos 
3 pee D sphate, Cas(PO, 
oke and silica (sand) in an dedos fe e 


in the 
extracted by heating with c 


distilling off the pl 
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PHOSPHORUS CHLORIDES 


phate is the main constituent of animal 
fertilizers and detergents. 


phosphorus chlorides 1. Phosphorus(III) chloride, phosphorus trichloride. 
PCl}. A colourless fuming liquid, b.p. 75.5°C., used as a chlorinating agent 
and in a variety of syntheses. 2. Phosphorus(V) chloride, phosphorus 
pentachloride. PCl;. A yellow crystalline solid, m.p. 148*C., used as a chlo- 
rinating agent. 

phosphorus oxides 1. Phosphorus(V) oxide, Phosphorus pentoxide. P4O;9. A 
white deliquescent crystalline solid that reacts violently with water to give 
phosphoric(V) acid. It is used as a drying agent. 2. Phosphorus(III) oxide, 
phosphorus trioxide. P406. A white waxy solid, m.p. 23.8?C. It is called a 
trioxide for historical reasons, but the molecule consists of four phosphorus 
atoms each linked to the other by means of an oxygen bridge. 

phosphorus pentachloride See phosphorus chlorides. 

phosphorus pentoxide See phosphorus oxides. 

phosphorus trichloride See Phosphorus chlorides. 

Phosphorus trioxide See Phosphorus oxides. 

phosphoryl The trivalent radical —PO. 

phot A unit of illumination equal to one /umen per square centimetre. 

photocathode A cathode that emits electrons when it is illuminated, i.e. as a 
result of the photoelectric effect. 

photocell See photoelectric cell. 


photochemical reactions Chemical reactions initiated, assisted, or accelerated 


by exposure to light. E.g. hydrogen and chlorine combine explosively on 
„exposure to sunlight but only slowly in the dark. 

photochemistry The branch of physical chemistry concerned with the effects 
of radiation on chemical reactions. 

photochromism Phototropism. The property of certain dyes, or other com- 
pounds, that undergo a reversible change in the colours they absorb when 
exposed to light of different wavelengths. Thus some photochromic materials 
will darken in bright light, but will revert to their original colour when the 
Source of light is removed. 

photoconductive effect A photoelectric effect in which the electrical conductivity 
of certain substances, notably selenium and cadmium sulphide, increases 
with the intensity of the light to which the substance is exposed. 

Photodiode A semiconductor diode in which light from outside is focused on to 
the p-n junction. The diode is usually reverse biased so that the current is 
a minimum in the dark and increases in Proportion to the intensity of the 
light falling on it. Photodiodes are used as switches to detect light or as 
cells to measure the intensity of light. They are photovoltaic devices. 

photodisintegration 1. A nuclear reaction caused by a photon in which the 
nucleus emits charged fragments or neutrons. 2. See photodissociation. 

photodissociation Photodisintegration. The dissociation of a chemical compound 
as the resalt of the absorption of radiant energy. 

photoelasticity When certain materials (e.g. glass, Perspex*, etc.) are stressed 
they become doubly refracting, which enables the property to be used to 
detect strain in these transparent materials. If polarized white light is 
passed through a stressed sample into a polarimeter, coloured patterns will 
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bones. Its compounds are used as 


PHOTOEMISSIVE 


d a on the image in the viewing screen in the vicinity of areas of 
h E 

p rea ee Photocell. A device used for the detection and measurement 
ae aa other radiations. The cell may depend for its action upon (1) 
(2) the ph photoelectric effect, the cell is then called a photoemissive cell; 
dime photovoltaic effect (rectifier or barrier layer cell); or (3) the photocon- 
Tade effect (conductivity cell). Photoemissive cells consist of two elec- 
x s, a plane cathode coated with a suitable photosensitive material, and 
n anode that is maintained at à positive potential with 


E respect to the 
athode and that attracts the photoelectrons liberated by the latter. These 
nvelope that is either evacuated, OF, for 


electrodes are arranged in an €! 

Breater sensitivity, contains a gas at low pressure. The electric current pass- 
ing through the cell is a measure of the light intensity incident on the 
cathode. For rectifier or barrier cells, the potential difference developed 
across the boundary gives rise to a current when the faces of the cell are 
connected externally. This current can be measured directly by suitable 
o external source 


means, such as a galvanometer. Photovoltaic cells require n 
ient for photographic exposure melers, etc. 


of E.M.F. and are very COnvenie 

(see photodiode ). They are also used to detect. ultraviolet radiation. The 

conductivity cell is simply an arrangement for measuring the resistance ofa 
layer of material, usually selenium Or cadmium sulphide, which shows the 
photoconductive effect. Photoconductive cells are also used to detect infra- 
red radiation. 

photoelectric effect In gen 


energy from light inciden 

term is normally restricted to the photoemi 

of electrons by substances when irradiated with light of a frequency. greater 
than a certain minimum threshold frequency. Electrons in thi 
are called photoelectrons, and constitute à photoelectric current when the 
system is included in à suitable circuit. In some contexts the 
tive effect and the photovoltaic effect are also included. 

photoelectron An electron emitted from a surface as a resu 
ie. by the photoelectric effect or by photoionization. 

photoelectron spec A method of determining ionization potentials and 
examining molecul: as or vapour of the substance to be 


examined is exposed jon. The photoelectrons produced 
a slit in 


are directed through ere electric and mag- 


netic fields deflect them into an e! 
ur tion potentials of the molecules. 
trons ejec from the inner electron shells are subjected to a chemical 
ue to the presence of neighbouring atoms in the molecule, which 
nformation regarding the molecular structure. 

rons when subjected to electromagnetic 


diation that will provoke such emis- 


sing as a resu 


eral, any effect ari: 
o electrons in 


t on a substance t 


lt of illumination, 


sion del 
rovokes some me 


light P! 
uraviolet radiation OF 


where A is the Planck constant and c is the speed of light 
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photofission Nuclear fission caused by photons (of gamma-rays ). 

photography By means of a system of lenses in the camera an image of the 
Object to be photographed is thrown for a definite length of time on to a 
plate or film made of glass, celluloid, or other transparent material and 
covered with an emulsion containing silver bromide, AgBr, or silver chloride, 
AgCl. The effect of this exposure of the film is to make the silver com- 
pound easily reduced (see reduction) to metallic silver by the chemical 
action of developing; developers produce a black deposit of fine particles of 
metallic silver on those portions of the film that had been exposed to light, 
thus giving a negative image. Fixing consists of the chemical action of 
sodium — thiosulphate, NajS,0,, (‘hypo’), and other reagents on the 
unchanged silver salts to give a soluble compound, which is then washed out 
with water, leaving a negative free of light-sensitive silver salts. By placing 
the finished negative over a Piece of sensitive paper similar to film, and 
exposing to light, the silver salts in the paper are affected in a similar way 
to those in the original film; those Portions of the negative that were 
darkest let through least light, and thus give the whitest portions on the 
developed paper. The negative image is thus again reversed, and a correct 
image or photograph is obtained on the Paper, which is then fixed and 
washed as before. 

photoionization The ionization of an atom or molecule as the result of expo- 
Sure to radiation. If the frequency of the radiation is J, each photon will 
have an energy Af, where h is the Planck constant. Photons with energies in 
excess of the ionization potential of the atoms struck will cause ionization to 
Occur. £ 

photoluminescence Luminescence caused by “electromagnetic radiation. The 
emitted light always has a lower frequency than the radiation absorbed. 
Whiteners used in detergents consist of photoluminescent substances that 
absorb ultraviolet radiation and emit blue light. 

photolysis The decomposition of a chemical compound as the result of irradia- 
tion by light or ultraviolet radiation. ‘Flash photolysis’ is a method of identi- 
fying the free radicals formed when the vapour of a compound at low 
pressure is exposed to an intense, but very brief, flash of radiation. A 
second flash, following shortly after the first, is used to photograph the 
absorption spectrum of the gases, which records the free radicals present. 
Subsequent flashes at regular intervals may be used to calculate the life- 
times of the radicals so formed. 

photomeson A meson produced by the interaction between a photon and an 
atomic nucleus. 

photometer An instrument for comparing the /uminous intensity of sources of 
light. They originally consisted of devices that enabled a visual source to be 
compared with a standard source. More modern instruments rely on the 
photoelectric effect. In astronomy photoelectric photometers are used to mea- 
sure the intensity of light from distant stars. " 

photometry The study of luminous quantities (relying on the eye) and radiant 
quantities (relying on photoelectric devices) in the measurement of /uminous 
intensity. e * 

photomic h A photograph obtained with the aid of a DUCT OSCOPEN 

Sidonii dcn Plection luster A photoelectric cell of high sensitivity used 
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PHTHALIC ANHYDRIDE 


for detecting ve -e 
of MU Ee scat quantities of fi n. It consists of a system 
the first meni ly arranged in an evacuated envelope. Light falling on 
These electrons e ejects electrons from this surface (see photoelectric effect ). 
ra eat ae accelerated to the second electrode, where they each 
ORE BANT S by the process of secondary emission. This process 
lectie earan E secondary emission is sufficient to produce à useful 
relay. the anode, permitting measurement or the operation of a 
een s quantum of electromagn 

rgy equal to the product o 
rticle possessing an elec- 


Planck 
lanck constant. Photons are gener 
i uclei or electrons, 


tric ^ * 
charge changes its momentum, in colli: 
nuclei and particles In some contexts it is 


aain the decay of certain 

photopic tent to regard a photon as an elementary 

Tk abe Vision in which the cones in the eye 
2 curs under normal lighting conditions an 


Vr Compare scotopic vision. 
Stosensi ii Substances are said to be photosensitive 
'oconductive, photoelectric, or photovoltaic effect when subj! 


electromagnetic radiation. 
nsely luminous portion of the Sun, which has an 


photosphere The visible, inte 
K. It is several hundred kilometres thick. 
facture their carbohy- 


estimated temperature O 
photosynthesis The process by which green plants manu! 
drates from atmospheric carbon dioxide and water in the presence of sun- 
light. The reaction, which is highly complex in detail, may be summarized 
by the equation: 
6CO; + 6H20 = C5Hi26 + 602- 
When light falls upon green plants the greater part of _ the energy is 
absorbed by sma! ]led chloroplasts, which contain à variety of. 
pigments, amongst them compounds called chlorophylls. The chlorophylls 
transform the energy of the light into chemical energy by a p i 
not fully underst but it is known to involve the photolysis of water and 
the activation O! ATP). The energy-rich ATP subse- 
quently energizes ies of reactions, so that 
sugar mo able to fix atmospheric CO; 
in this way, they de nts (or other animals) 
that they consume. 
forms, either direc 
photovoltaic effect A photoelect 
prepared boundary between 
copper(I) oxide) produces @ potential difference across 
meric acids. 1. Phthalic acid, the ortho 


ight radiatio! 


t has zero rest mass, and 


etic radiation tha 
of the radiation and the 


particle. 
are the principal recep- 
d colours can be distin- 


if they produce a pho- 
‘ected to suitable 


ric effect in which light falling on a specially 
i f substances (e-8- copper and 
the boundary. See 


also photodiode. 
phthalic acids Cs H4(COOH)2- Three iso 
form, 1,2-benzenedicarboxylic acid, is a white crystalline solid, m.p. 207°C 
that decomposes into phthalic anhydride and water aad ds sea) Or os 
synthesis. 2- The meta form, ,3-benzenedicarboxylic acid. See iso) Eon 
acid. 3. The para form, 1,4-benzenedicarboxylic acid. See feda : ee 
Pa cas CeHa(CO)2- The anhydride of o-phthalic acid Ka 
atter on heating, m.p. 130.8°C. It is made i STR S 
c de industrially by the 
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PHTHALOCYANINES 


oxidation of naphthalene in the presence of a catalyst and is an important 
intermediate in the production of dyes, resins, and other organic products. 


phthalocyanines Organic colouring matters, usually of outstanding resistance 
to the action of light and other agencies. The parent compound, phthalocy- 
anine, is a condensation product of nitrogen-containing derivatives of 
phthalic acid; its molecule contains a ring of 16 atoms (carbon and nitro- 
gen) similar to that in natural porphyrins. Four nitrogen atoms in this ring 
are positioned to form a small square in the centre of the molecule, and a 
metal atom, e.g. copper, can occupy a central position in the square 
becoming bonded to all four nitrogen atoms to form an extremely stable 
chelate complex. For example, copper phthalocyanine is a very stable bril- 
liant-blue pigment. 

phylogeny See ontogeny. 


physical change Any change in a body or substance that does not involve an 
alteration in its chemical composition. 


physical chemistry The study of the pAysical changes associated with chemical 


reactions and the dependence of Physical properties on chemical composi- 
tion. 


Physical states of matter The physical state in which matter exists, at a partic- 
‘sure, depends upon the kinetic energy of, and 
mponent atoms, molecules, or ions. In gases the 


t moving atoms or molecules is such that the inter- 
action between them is very small (see Vai 


therefore free to move about the space th 


them, the solid then becomes a liquid and eventually a gas. Increasing the 
Pressure of a gas increases the number of collisions between the compo- 
nents and thus facilitates their interactions: for this reason increased pres- 
Sure causes, or assists in, the liquefaction of gases. A hot ionized plasma has 
Sometimes been referred to as the fourth state of matter. 


physics The study of the properties of matter and energy, traditionally cover- 
ing the subjects of mechanics, electricity and magnetism, heat, light, and 
sound. Quantum theory and relativistic mechanics have Biven rise to what is 
usually called modern physics, while the advent of nuclear reactors, nuclear 
weapons, and particle accelerators have introduced atomic physics, nuclear 
physics, and particle physics. See also astrophysics; biophysics; geophysics. 

physiological saline An isotonic solution of salts in distilled water used for 
Preserving, cells. Such solutions contain no food for the cells and their 
Survival in them is therefore restricted. 

Physiology The study of the functioning of the various organs of living 
beings. 

physisorption See adsorption. 
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physostigmine Eserine. Cj sH2102N3. A colourless alkaloid, m.p. 105—6°C. 

used in the treatment of glaucoma. E 
phytamins See auxins. 

phyto- Prefix denoting ‘plant’; 

pi z. Symbol for the ratio of the circumfer 
3.141 59 . . . (Approximately 22/7.) 


e.g. a phytocide is a substance that kills plants. 
ence of any circle to its diameter. 


pi bond z bond. See orbital. 
pico- Prefix denoting one million millionth. Eg. a picofarad is 10- !? farad. 
Symbol p. 
N. A heterocyclic base that exists in three 


picoline Methylpyridine. CH; C6 H4 
isomeric forms. All three isomers are found in coal-tar and bone oil; they 


are used as solvents and as intermediates in organic synthesis. 

picrate A salt or ester of picric acid. 

picric acid 2,4,6-trinitrophenol. C¢H2(NO2);0H. A bright yellow crystalline 
solid, m.p. 122°C. Formerly used as an explosive (see lyddite), as a dye, 
and (in solution ) for treating burns. 

pie chart A diagrammatic way of showing percentages as slices of a circular 
pie, ie. sectors of a circle. An example consisting of x%, y%, and 2%, 

where x + y +z = 100, would show a circle with three sectors, the central 
angles of each being 360x/100, 360y/100, and 3602/100, respectively. 

piezoelectric effect A property of certain asymmetric crystals, such as Rochelle 
salt or quartz. When such crystals are subjected to a pressure, positive and 
negative electric charges are produced on opposing faces; the signs of these 
charges are reversed if the pressure is replaced by a tension. The inverse 
piezoelectric effect occurs if such crystals are subjected to an electric poten- 

tial, an alteration in size of the crystal taking place. The crystal microphone, 


crystal oscillator, and crystal pick-up make use of the piezoelectric effect. 
pig-iron An impure form of iron cast into blocks (pigs) obtained from iron 
ores by the blast furnace process. See cast iron. 
pigment colour Body colour. The colour of most natural objects is due to the 
differential absorption by the substance of the different wavelengths (i.e. 
colours) present in the incident white light. The incident light penetrates a 


small distance into the substance, undergoes this absorption and is then 
diffusely reflected out again. The colour the body appears is determined by 
the wavelengths absor' a substance that absorbs chiefly 


bed the least. Thus, 
the red and yellow will Iso surface colour. 


appear blue. See al ? 
pigments 1. Materials used generally in the form of insoluble powders for 
imparting various colours to paints, 


plastics, etc. 2. Natural colouring sub- 
stances in plant or animal tissues. 


pile 4. See voltaic pile. 2. See nuclear reactor for atomic pile. 
pilocarpine C H16 N20O2- A white crystalline alkaloid, m.p. 34°C., used in 


medicine. ; 
pinchbeck An alloy of copper and zinc used as an imitation gold. 
pinch effect 1. The constriction of a liquid conductor of electricity .m 

or molten metal) that occurs when a substantial current is 4 E em 

it, 2. The constriction of a plasma due to the magnetic field of em 
current within the plasma. See thermonuclear reactions. à high 


pinene Cj Hj, A liquid terpene, b.p. 156.2°C., that is the principal constit 
itu- 
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PINKING 


ent of turpentine and is found in other essential oils. It is used in the 
manufacture of camphor. 


-pinking See knocking. 


pink salt Ammonium chlorostannate. (NHg)2SnClg. It is used as a mordant in 
dyeing. 

pint A unit of capacity equal to one eighth of a gallon. 

pion A pi-meson. A type of meson. See elementary particles. 

piperazine Hexahydropyrazine. C4 Hg(NH);. A colourless deliquescent hetero- 
cyclic base, m.p. 108—110*C., used mainly as a vermifuge. 

piperidine C; Hio NH. A colourless liquid, b.p. 106°C., used as a solvent. 

piperine Cj; H159NO;. A white crystalline a/kaloid, m.p. 129.5*C., the active 
constituent of pepper. 

pipette A glass tube with the aid of which a definite volume of liquid may be 
transferred. 

Pirani gauge A type of pressure gauge used to measure low pressures. An 
electrically heated wire is placed in the gas, the rate of loss of heat from 
the wire depending on the Bas pressure. It may either be used with a fixed 
potential difference across the wire, the resistance of which is then a mea- 


Sure of the pressure, or at a fixed resistance so that the p.d. is a measure 
of the pressure. 


bitumens, etc. 


Pitchblende Uraninite. A natural ore consisting mainly of uranium oxide, 
U30g. It occurs in Saxony, Bohemia, East Africa, Canada, and Colorado. 
Pitchblende contains small amounts of radium, of which it is the principal 


pitch of a note A measure of the frequency of vibration of the source produc- 
ing the note; a high frequency produces a note of high pitch. ‘Concert 
pitch’ is the frequency of the A above middle C to which musical perform- 
ers tune. By international agreement it is set at 440 hertz. See sound, 

pitch of a screw The distance between adjoining crests of the thread, mea- 
sured parallel to the axis of the screw, à 

Pitot tube An instrument for measuring the speed of a 
tube with two openings, one facing the moving fluid and the other facing 
away from it. The pid in pressure created in the tube between the 
two openings, as measur a manometer, all e flui 
be determined. Named hen Pitot (1695-1771), aN) 


fluid; it consists of a 


PK, the weaker the acid. 

Planck. constant /. The universal constant relating the Srequency of a radiation 
v, with its quantum of energy, E; ie. E = hy. The Planck constant has the 
value 6:526 196 x 10-34 joule second, 


The symb i 
h/2n, Named after Max Planck (1858-1947), ed se ose or 


Planck's law of radiation. A-law giving the energy 
black body. The energy radiated by unit sities 
thermodynamic temperature, 7, in unit time is: 
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distribution radiated by a 
area of a black body at a 


PLASTICS 


2ahc?X - 5/(exp. AThc/k —1) 

where A is the Planck constant, c is the speed of light, k is the Boltzmann 
constant, and À is the wavelength of the radiation. 

plane (math.) A flat surface; mathematically, it is defined as a surface con- 
taining all the straight lines passing through a fixed point and also inter- 
secting a straight line in space. 

plane-polarized light See polarization of light. 

planetarium 1. A complex system of optical projectors for representing the 
movements of the planets and stars on a domed ceiling. 2. The building 
that houses such a system. 

planetoids See asteroids. 

planets Heavenly bodies revolving in definite orbits about the Sun. In order of 
increasing distance from the Sun they are Mercury, Venus, the Earth, Mars, 
Jupiter, Saturn, Uranus, Neptune, and Pluto. See Appendix, Table 4. 

planimeter A mechanical integrating instrument for measuring plane areas, 
consisting of a movable tracing arm the movements of which are recorded 
on a dial. 

plano- Prefix used in conjunction with the words concave and convex to 
describe the shape of a lens. See Fig. 24, under lens. 

plant hormones Compounds that affect or regulate the growth of plants. See 
auxins; gibberellins, cytokinins. 

plaque A deposit of dissolved food (mostly carbohydrates ), saliva, and bacteria 
on the exposed enamel surfaces of teeth. The bacteria metabolize the car- 
bohydrates to produce an acid that eats into the dental enamel, causing 
caries (decay). Preventative measures include reducing the intake of carbo- 
hydrates (especially sweets), frequent brushing of the teeth to remove the 
plaque, and the provision of an adequate quantity of fluorine in the food 
' or drinking water to strengthen the dental enamel. 

plasma (bio.) See blood plasma. 

plasma (phys.) 1. The region in a discharge in gases in which the numbers of 
positive and negative ions are approximately equal. 2. The very hot ionized 
gas in which controlled thermonuclear reaction experiments are carried out. 
In such a plasma, which has been described as the fourth state of matter, 
the ionization is virtually complete. Again the numbers of positive ions and 
electrons are approximately equal and the plasma is therefore virtually elec- 
trically neutral and highly conducting. See also containment. 

plasmolysis The effect of osmosis on cells of living organisms. A cell placed in 
a solution of a greater molecular concentration than (i.e. is hypertonic to) the 
contents of the cell becomes plasmolysed; the water in the cell flows out 
through the cell wall and the cell contents contract. 

plaster of Paris Powdered calcium sulphate hemihydrate, CaSO4.//H50, 
obtained by heating gypsum to 120-130°C. On mixing with water, it sets 
and hardens. 

plasticizer 1. A non-volatile liquid added to paints and varnishes t» prevent 
brittleness of the dried film. 2. A liquid or solid substance added to syn- 
thetic or natural resins to modify their flow properties. 

plastics. Materials that are stable in normal use, but at some stage of their 
manufacture are plastic and can be shaped or moulded by heat, pressure, or 
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dyeing. 
pint A unit of capacity equal to one eighth of a gallon. 
pion A pi-meson. A type of meson. See elementary particles. 
piperazine Hexahydropyrazine. C4, Hg(NH);. A colourless deliquescent hetero- 
Cyclic base, m.p. 108—110*C., used mainly as a vermifuge, 
piperidine C;H, NH. A colourless liquid, b.p. 106*C., used as a solvent. 
piperine C)7H; NO 3. A white crystalline alkaloid, m.p. 129.5°C., the active 
constituent of pepper. 


pipette A glass tube with the aid of which a definite volume of liquid may be 
transferred. 

Pirani gauge A type of Pressure gauge used to measure low pressures. An 
electrically heated wire is placed in the gas, the rate of loss of heat from 
the wire depending on the gas pressure. It may either be used with a fixed 
potential difference across the wire, the resistance of which is then a mea- 
Sure of the pressure, or at a fixed resistance so that the p.d. is a measure 
of the pressure. 

pitch Hard dark substances that melt to viscous ta 
residue from the destructive distillation of wood, 
bitumens, etc. 

pitchblende Uraninite. A natural ore consisting maini: 
U3Og. It occurs in Saxony, Bohemia, East Africa, C. 


Pitchblende contains small amounts of radium, of wi 
source. 


rry liquids; they may be the 
coal-tar, asphalt, or various 


ly of uranium oxide, 
anada, and Colorado. 
hich it is the principal 
frequency of vibration of the source produc- 


: te of high pitch. ‘Concert 
pitch’ is the frequency of the A above middle C to which musical perform- 


two openings, as measured by a 
be determined. Named after He 


pK A measure of the strength of an acid, defined as 
equilibrium constant of the dissociation of the acid. 
pK, the weaker the acid. 

Planck constant A. The universal 


v, with its quantum of energy, E; ie, E = hy. 


» allows the speed of the fluid to 
1 


log 1/K, where K is the 
The higher the value of 


i4 Srequency of a radiation, 

value 6:526 196 x 10-34 joule ‘sera Sa n a alha ue 
h/2n, Named after Max Planck (1858-1947), x 
Planck's law of radiation. A Jaw Biving the energy 


black body. The energy radiated by unit surface 
thermodynamic temperature, T, in unit time is: 
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secting a straight line in space. 
plane-polarized light See polarization of light. 
planetarium 1. A complex system of optical projectors for representing the 
movements of the planets and stars on a domed ceiling. 2. The building 
that houses such a system. 
planetoids See asteroids. 
planets Heavenly bodies revolving in definite orbits about the Sun. In order of 
increasing distance from the Sun they are Mercury, Venus, the Earth, Mars, 
Jupiter, Saturn, Uranus, Neptune, and Pluto. See Appendix, Table 4. 
planimeter A mechanical integrating instrument for measuring plane areas, 
consisting of a movable tracing arm the movements of which are recorded 
on a dial. 
lano- Prefix used in conjunction with the words concave and convex to 
describe the shape of a lens. See Fig. 24, under lens. 
plant hormones Compounds that affect or regulate the growth of plants. See 
auxins; gibberellins; cytokinins. 
plaque A deposit of dissolved food (mostly carbohydrates ), saliva, and bacteria 
on the exposed enamel surfaces of teeth. The bacteria metabolize the car- 
bohydrates to produce an acid that eats into the dental enamel, causing 
caries (decay). Preventative measures include reducing the intake of carbo- 
hydrates (especially sweets), frequent brushing of the teeth to remove the 
plaque, and the provision of an adequate quantity of fluorine in the food 
"or drinking water to strengthen the dental enamel. 
plasma (bio.) See blood plasma. 
plasma (phys.) 1. The region in a discharge in gases in which the numbers of 
positive and negative ions are approximately equal. 2. The very hot ionized 
gas in which controlled thermonuclear reaction experiments are carried out. 
In such a plasma, which has been described as the fourth state of matter, 
the ionization is virtually complete. Again the numbers of positive ions and 
electrons are approximately equal and the plasma is therefore virtually elec- 
trically neutral and highly conducting. See also containment. 
plasmolysis The effect of osmosis on cells of living organisms. A cell placed in 
a solution of a greater molecular concentration than (i.e. is hypertonic to) the 
contents of the cell becomes plasmolysed; the water in the cell flows out 
through the cell wall and the cell contents contract. 
plaster of Paris Powdered calcium sulphate hemihydrate, CaSO4.//H50, 
obtained by heating gypsum to 120-130*C. On mixing with water, it sets 
and hardens. 
plasticizer 1. A non-volatile liquid added to paints and varnishes t» prevent 
brittleness of the dried film. 2. A liquid or solid substance added to syn- 
thetic or natural resins to modify their flow properties. 
plastics Materials that are stable in normal use, but at some stage of their 
manufacture are plastic and can be shaped or moulded by heat, pressure, or 
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both. Most plastics are polymers (see polymerization), and are classified 
into thermoplastic and thermosetting materials. 


platelet See blood platelet. 


plate tectonics The theory that the Earth's crust consists of a number of 
semirigid plates, which move relative to each other. Six major plates, asso- 
ciated with the continents (American, African, Antarctic, Eurasian, Indian, 
and Pacific) and à number of smaller ones are known. Where the plates 
meet each other volcanic activity and earthquakes are known to occur. 
When plates move away from each other (a divergent plate margin) under 
the sea an ocean ridge forms as material from the mantle wells up to form 
a new crust. This process is known as sea-floor spreading. When two plates 
come together (a convergent plate margin) under the sea one plate plunges 
under the other, forming an oceanic trench. The crust may partially melt 
causing a chain of volcanoes to occur in the upper plate. When two plates 
meet under land a mountain chain is formed (orogenesis). 


platinic Containing platinum in its +4 oxidation state, e.g. platinum(IV) chlo- 
ride, PtCl,. 


platinized asbestos Asbestos in the fibres of which a black deposit of finely- 
divided platinum has been formed. It is used as a catalyst. 

platinoid An alloy of 60% copper, 24% zinc, 14% nickel, and 2% tungsten. 

platinous Containing platinum in its +2 oxidation state, e.g. platinum(II) 
chloride, PtCL;. 

platinum Pt. Element. R.a.m. 195.09. At. No. 78, A hard silvery-white ductile 
and malleable metal, r.d. 21.45, m.p. 1772°C., b.p. 3827°C., that is very 
resistant to both heat and acids. Its expansivity is very nearly equal to that 
of glass, which makes it useful in cer 


1 tain types of scientific equipment. It 
Occurs as the metal, alloyed with osmium, iridium, and similar metals. It is 
used for electrical contacts, 


cal scientific apparatus, as a catalyst (see platinized 
asbestos ), and in jewellery. 


platinum chloride solution See chloroplatinic acid, 


platinum metals A group of six transition. elements with similar metallic 
properties. They are: ruthenium, rhodium, palladium, osmium, iridium, and 
platinum. 

pleochroic Denoting certain crystals that have different colours, 
the direction from which they are observed. 


plumbago Black-lead, graphite. A natural allotropic form of carbon. 

Pluto A planet with its orbit outside that of Neptune. Discovered in 1930, its 
mean distance from the Sun is 5907 million kilometres. Sidereal period 
(‘year’) 248.4 years. Mass approximately one tenth that of the Earth, diam- 
eter approximately 3500 kilometres. Pluto's surface temperature is probably 
below —200°C.; it has one satellite provisionally called Charon. 

plutonic rock See igneous rock. 


Plutoniun. Pu. At. No. 94. Transuranic element. Thirteen different isotopes of 
plutonium can be produced by suitable nuclear reactions. The isotope pluto- 
nium-239 is produced in nuclear reactors and is of considerable importance 
since it undergoes nuclear fission when bombarded by slow neutrons. This 
isotope, which has a half-life of 24 400 years, is also used in nuclear weap- 
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POLAR COORDINATES 


ons, one Kilogram having an energy equivalent of about 10!* joules. It is a 
dense silvery metal, r.d. 19.84, m.p. 641°C., b.p. 3232°C. 

pneumatic Operated by, or filled with, compressed air. 

pnicogens A collective term sometimes used (but not recommended) for the 
elements nitrogen, phosphorus, arsenic, antimony, and bismuth. 

p-n-p transistor See transistor. 

point-contact transistor See transistor. 

point defect See defect. 

point source of light A theoretical concept of a source of /ight in which all 
the light is emitted from a single point. 

poise A unit of viscosity in c.g.s. units defined as the tangential force per unit 
area (dynes per sq cm) required to maintain unit difference in velocity (cm 
per second) between two parallel planes separated by one centimetre of 
fluid. | centipoise — 10-3 newton second per square metre (the SI unit of 
viscosity). 

Poiseuille's equation The volume V of a liquid flowing through a cylindrical 
tube in unit time is given by the equation: 

V = apr*/8ly, 
where p is the pressure difference between two points on the axis of the 
tube at a distance / apart, ņ is the viscosity, and r is the radius of the tube. 
The result assumes uniform streamline flow, and also that the liquid in 
contact with the walls of the tube is at rest. Named after Jean Louis 
Poiseuille (1799— 1869). 

poison, nuclear Reactor poison. A substance that absorbs neutrons in a 
nuclear reactor. Poisons may be deliberately added to reduce the reactivity, 
or they may be fission products, such as xenon, which have to be periodi- 
cally removed. 

Poisson's ratio The ratio of the /ateral strain to the longitudinal strain in a 
stretched wire. It is given by the ratio of d/D to //L, where D — original 
diameter, L — original length, d — decrease in diameter, and / — increase 
in length. Named after Simeon Poisson (1781— 1840). 

polar bond An electrovalent bond. See valence. 
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polar coordinates The position of any point P lying in a plane can be com- 
pletely determined by (1) its distance, 7, from any selected point O in the 
plane, termed the origin, and (2) the angle @ that the line joining P and O 
(called the radius vector) makes with any coplanar reference line passing 
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through O. The angle is taken as positive when measured yd 
from the reference line. The polar coordinates at the point P are r and 6, 

denoted by (r, 6). See Fig. 33. 
polarimeter Polariscope. An apparatus for measuring the rotation of the plane 


of vibration of polarized light by optically active substances, See polariza- 
tion of light and optical activity, 


polariscope See polarimeter, 


polarization, angle of The angle of reflection from a dielectric medium, e.g. 
glass, at which the reflected ray is completely polarized, the plane of vibra- l 
tion being at right angles to the plane of incidence. See polarization of light. 

polarization, electric See electric polarization. 

polarization, electrolytic 
lyte due to various ca 
ous molecules on the 

polarization of light Or. 
vibrations taking pla 
tions themselves bei 


the plane at right angles to this, called the 
circularly and elliptically polarized light. 
polar molecule A molecule in which the confi 


guration of electric charge consti- 
tutes a permanent electric dipole. 


transparent films that produce plane-polarized 

) on transmission. They consist of thin sheets 

ith ultramicroscopic doubly refracting crystals 

(see double refraction ) with their optic axes parallel. The crystals. posue 
plane-polarized light by differential absorption of the ordinary ani 
extraordinary rays, 

polaron An excitation in a solid consisting of polar molecules resulting from 
the interaction between an electron and its strain field. The presence of a 
polaron can be detected by irregularities in the shape of the conduction 
band. 


pole, magnetic See magnetic pole. 
pole of mirror See mirrors, spherical. 
pole strength See magnetic pole. 


pollution /, change to the atmosphere, seas, rivers, or soil that is avanca 
and results from the activities of man. Examples of palumata s (God 
sewage and oil spills in the sea, lead from petrol See ze i 

acid rain) in the atmosphere, heavy metals and nonbiodegr; insec 


d i ed 
cides (see biodegradation ) in the soil, and hot factory effluents discharge 
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into rivers and lakes causing thermal pollution. The disposal of nuclear 
waste can also cause serious pollution problems. 

polonium Po. A radioactive element. At. No. 84. The longest-lived isotope has 
a mass number of 209 and a half-life of 103 years. It is a rare metal, r.d. 
9.32, m.p. 254°C., b.p. 962°C., that occurs in some uranium ores to an 
extent of about 1 part in 10! parts. 

poly- Prefix denoting many, several, numerous. 

polyamide A polymer in which the units are linked by amide or thioamide 
groupings. See nylon. 

polybasic An acid containing more than one atom of acidic hydrogen in a 
molecule. 

polycarbonates Thermoplastic resins in which the structural units are linked 
through carbonate radicals. They usually consist of polyesters of carbonic 
acids and dihydric phenols. Their good dimensional stability and impact 
strength over a wide temperature range make them useful for electrical and 
other small components. 

polychloroethene See polyvinyl chloride. 

polychromatic radiation Electromagnetic radiation that consists of a mixture of 
wavelengths. Compare monochromatic radiation. 

polycyclic Having more than one ring in a molecule. 

polyene Any organic compound containing more than two double bonds. 

polyester A polymer formed (usually) from a polyhydric alcohol and a polybasic 
acid. They are used in the manufacture of synthetic resins, fibres, and plas- 
tics. 

polyethene See polythene. 

polyethylene See polythene. 

polyethylene terephthalate See Tery/ene*. 

polygon A plane figure bounded by straight lines. A regular polygon has 
equal sides and internal angles. For a regular polygon with sides the 
internal angles are 180—360/n. 

polygon of forces If any number of forces, acting on a particle, can be repre- 
sented in magnitude and direction by the sides of a polygon taken in order, 
the forces will be in equilibrium. 

polyhedron\A solid figure having polygons for its faces. A regular polyhedron 
has all its faces equal in all respects; the five possible types of regular 
polyhedra are: (1) tetrahedron, 4 triangular faces; (2) cube, 6 square faces; 
(3) octahedron, 8 triangular faces; (4) dodecahedron, 12 five-sided faces; (5) 
icosahedron, 20 triangular faces. 

polyhydric Containing more than one hydroxyl group in the molecule; e.g. 
ethanediol (ethylene glycol) and glycerol (1,2,3-propanetriol) are polyhydric 
alcohols (polyols). 

polymer A product of polymerization: See also atactic polymer; tactic polymer. 

polymerase An enzyme that catalyses a biological polymerization reaction. 

polymerization Originally, the chemical union of two or more molecules of the 
same compound to form larger molecules, resulting in the formation of a 
new compound of the same empirical formula but of greater relative molecu- 
lar mass. E.g. ethanal trimer, (CH3 CHO), is formed by the polymerization 
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of ethanal, CH;CHO, and each molecule of the polymer is made Qe 
three molecules of the ethanal monomer. The meaning of the term has "s 
extended to cover (1) ‘addition polymerization', in which the molecule E 
the polymer is a multiple of the monomer molecule, as in the cate 
ethanal trimer; (2) “condensation Polymerization’, in which the morog A 
molecules are joined by condensation into a polymer molecule, which di E. 
in empirical formula from the monomer; and (3) polymerization M 
which the polymer molecule is built up from two or more different os 
of monomer molecules. Many important products, such as plastics and ir 
tile fibres, consist of polymeric substances, either natural (e.g. cellulose ), 
synthetic (e.g. nylon ). 

polymethanal See methanal. 

polymethyl methacrylate Poly(methyl 2- 


polymorphism The existen 


4 ifferent 
ce of the same substance in more than two diffe 
crystalline forms. 


4 ial 
polypropene Polypropylene. A colourless transparent thermoplastic. materia 
Produced by the polymeri. 


zation of propene. It is used where a due 
plastic material is required. It is similar to polythene but of greater streng! A 
polysaccharides A large class of natural carbohydrates. The molecules les 
deriyed from the condensation of several, frequently very many, mol 
of simple sugars (monosaccharides ). The class includes cellulose and starci i 
polystyrene A rhermoplastie material, produced by the polymerization of ae 
rene (phenylethene; C6 H5CH:CH;). It is a clear glassy material possessing, 
good electrical insulating Properties. f à 
polytetrafluoroethene PTFE. Teflon*. Fluon*. A thermosetting material Te 
duced by the polymerization of tetrafluoroethene (CF5:CF;). It is use bil- 
line saucepans and in bearings and electrical insulation because of ap ae 
ity to withstand temperatures up to 400°C. and its low coefficient o 
tion. i 
polythene, Polyethene, polyethylene, Alkathene*. A tough waxy ee ec 
material, made by the addition Polymerization of ethene, C Ha: t ERR 
as an insulating material and for many other purposes where a : 
chemically resistant plastic material is required. 
polyurethane See urethane resins. 
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polyvalent 1. Having more than one valence. 2. Having a valence of more 
than one. 3. (Of a serum ). Containing more than one type of antibody and 
therefore effective against more than one type of microorganism. 

polyvinyl acetate PVA. Polyethenyl ethanoate. A colourless thermoplastic mate- 
rial, produced by the polymerization of vinyl acetate (ethenyl ethanoate; 
CH5:CHOOC.CHy). It is used in adhesives, inks, and lacquers for coating 
paper and fabric. 

polyvinyl chloride PVC. Polychloroethene. A colourless thermoplastic material, 
produced by the polymerization of vinyl chloride (chloroethene; CH; :CHC\), 
with good resistance to water, acids, alkalis, and alcohols. 

polyvinylidene chloride Polydichloroethene. A white thermoplastic material, 
produced by the polymerization of vinylidene chloride (dichloroethene; 
CH;:CCl;). It is also used as a copolymer with acrylonitrile or vinyl chlo- 
ride giving products with a wide range of flexibilities. 

polywater Anomalous water. A form of water, differing in properties (density, 
viscosity ) from normal water, that was reported in 1962. It is now accepted 
that these properties were due to the presence of colloidal particles derived 
from impurities rather than to any differences in the molecular structure of 
the water itself. 

population inversion The situation that exists in a /aser when a large propor- 
tion of the emitting ions have been raised to an excited energy level by the 
process of optical pumping (i.e. introducing energy into the system by an 
external light source). This is an essential step in the process of stimulated 
emission. See also maser. 


population type A classification of stars into two types: Population I consists 
of hot white young stars such as those that form the spiral arms of spiral 
galaxies; Population II consists of older stars, such as red giants, which are 
found at the centres of spiral galaxies. 

porcelain A hard white material made by the firing of a mixture of pure 
kaolin (china clay ) with felspar and quartz, or with other materials contain- 
ing silica. 

porphyrins A class of naturally occurring pigments derived from pyrrole. They 
include chlorophyll and the haem of haemoglobin. Their molecules are flat 
and contain a ring of 12 carbon and 4 nitrogen atoms; the latter form a 
small square in the centre of the molecule (compare phthalocyanines ) and 
are linked to a metal atom, forming a chelate complex. This metal is mag- 
nesium in chlorophyll, and iron in haem. 

position circle A circle having its centre at an observed point and a circumfer- 
ence that passes through the place of observation. The portion of the cir- 
cumference near the place of observation approximates to a position line if 
the radius is large. 

position line A line on which an observer is situated at a given time. The 
intersection of two position lines, determined at the same time, fixes the 
position of the observer. 

positive (math., phys.) In any convention of signs, regarded as being counted 
in the plus, or positive direction, as opposed to negative. 

positive column A luminous region in a discharge in gases near to the positive 
electrode. 


317 


POSITIVE FEEDBACK 


positive feedback See feedback. 

positive magnetic pole The north-seeking pole of a magnet. See magnetic pole. 

positive rays Streams of ions bearing positive electric charges. They are pro- 
duced by an electric discharge in a rarefied gas. See discharge in gases. 

positron Positive electron. An elementary particle with the same mass as the 
electron and an electric charge of equal magnitude but opposite sign. Posi- 
irons are produced during several decay processes (see beta decay) and 
during pair production; they do not themselves decay spontaneously but on 
passing through matter they collide with negative electrons as a result of 
Which both particles are annihilated. See annihilation radiation. ’ 

positronium An unstable unit, resembling an atom of hydrogen, that consists 
of a positron (instead of a proton) and an electron. It decays by annihila- 
tion in less than 10-7 second into two or three photons. 

Potash An old name for potassium carbonate, potassium hydroxide (caustic pot- 
ash), or any potassium salt. 


potassium Kalium. K. Element. R.a.m. 39.098. At. No. 19. A silvery-white 
soft highly reactive alkali metal, 


» Strongly resembling sodium. R.d. 0.86, m. 
63.5°C., b.p. 774°C. Widely distributed in the form of seawater and vari- 


ous salts (e.g. carnallite, Sylvine), it is essential to life and is found in all 


living matter. Its salts are used as fertilizers and for a variety of other 
purposes. 


potassium-argon datin 


decay of the radioisotope potassium-40 
sium-40 is about 


nuclides in a speci 


Potassium hydrogencarbonate. 

potassium bromide KBr. A white crystalline salt, m.p. 730°C., used in medi- 
cine and photography. 

Potassium carbonate Potash, pearl ash. K,CO3. A white very soluble deliques- 
cent salt, m.p. 891°C., used in the manufacture of glass and soap. 

potassium chlorate KClO}. A white crystalline soluble substance, m.p. 356°C., 
used as an oxidizing agent, as a weedkiller, and in the manufacture of 
fireworks. 

Potassium chloride Potassium muriate. KCl. A, white crystalline so/uble sub- 
Stance, m.p. 776°C., used in medicine and as a fertilizer. It occurs as 
sylvine and carnallite. 


potassium chromium sulphate Chrome alum. K5S04.Cr;(SO4),.22H50. A 
dark purple crystalline soluble Salt, used in dyes, calico printing, and tan- 
ning. 

potassium dichromate Dichromate or bichromate of potash. K;Cr;O;. A red 
crystalline soluble salt, m.p. 398°C., prepared from chrome iron ore. It is 
used as an oxidizing agent, and in the paint and dye industries. 


- Potassium hexacyanoferrate(I) Potassium ferrocyanide. K4Fe(CN)&.3H5O. A 


yellow soluble crystalline substance, used as a dye and in case-hardening. 


potassium hexacyanoferrate(III). Potassium ferricyanide. K3Fe(CN)¢- A Ad 
soluble crystalline substance, used in the manufacture of pigments an 
paper. 
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potassium hydrogencarbonate Potassium bicarbonate. KHCO;. A white soluble 
substance, used in cooking and as an antacid. 

potassium- hydrogendifluoride Acid potassium fluoride. KHF5. A deliquescent 
crystalline substance used in the electrolytic production of fluorine. 

potassium hydrogentartrate Cream of Tartar. C4O&H5K. A white crystalline 
powder obtained from argol (tartar), used in baking powder. 

potassium hydroxide Caustic potash. KOH. A white deliquescent solid, m.p. 
360.4°C., that dissolves in water to give an alkaline solution. It is used in 
medicine, in nickel-iron accumulators, and in the manufacture of soft soap. 

potassium iodide KI. A white crystalline soluble substance, m.p. 686°C., used 
in photography and in medicine. It is also added to table salt to provide a 
source of iodine. 

potassium nitrate Nitre, saltpetre. KNO;. A white soluble crystalline salt, m.p. 
336°C., that acts as an oxidizing agent when hot. It is used in medicine, for 
pickling meat, and in gunpowder. 

potassium permanganate Potassium manganate(VII). KMnO4. A deep purple, 
crystalline, soluble salt. Dissolved in water it gives a purple solution that 
acts as a powerful oxidizing agent. It is used as a disinfectant and in volu- 
metric analysis. 

potassium sodium tartrate See Rochelle salt. 

potassium sulphate K,SO,. A white soluble crystalline substance, m.p. 
1069°C., used in fertilizers, cements, and mineral waters. 

potassium thiocyanate KSCN. A colourless hygroscopic substance, m.p. 
173.2°C., used in the manufacture of dyes and drugs. 

potential See electric potential. 

potential barrier See nuclear barrier. 

potential difference If two points have a different electric potential there is 
said to be a potential difference (p.d.) between them; if the points are 
joined by an electric conductor, an electric current will flow between them. 
Potential difference is defined as the work performed when a unit positive 
electric charge is moved from one of the points to the other, See also 
electromotive force, E.M.F. The practical unit of p.d. and E.M.F. is the volt. 

potential energy The energy that a body possesses by virtue of its position. 
E.g. a coiled spring, or a vehicle at the top of a hill, possesses potential 
energy. It is measured by the amount of work the body performs in passing 
from that position to a standard position in which the potential energy is 
considered to be zero. The potential energy of a mass, m, raised through a 
height, A, is mgh, where g is the acceleration of free fall. 

potential series See electromotive series. z 

potentiometer 1. An instrument for measuring direct current E.M.F. or poten- 
tial differences, which do not draw current from the circuit containing the 
E.M.F. to be measured. In its simplest form it consists of a uniform resis- 
tance AB (see Fig. 34) in the form of a single wire, connected to a source 
of E.M.F., E. A slide wire contact C is connected, in series wi.h a sensitive 
galvanometer G, to one terminal of the E.M.F. to be measured. The other 
terminal is connected to A, so that the E.M.F.s across XY and AC are in 
opposition through G. Contact C is then adjusted until no current flows 
through the galvanometer. The required E.M.F. is then given by Eh /L, 
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Figure 34. 


where L is the total length of the resistance 4B, and l, is the length AC 
for zero current through G. 2. A voltage divider. 

pound A British unit of mass. It was formerly defined as the mass, in vacuo, 
of a platinum cylinder called the Imperial Standard Pound. The pound was 
redefined by statute in 1963 as 0.453 592 37 kilogram. 

poundal A unit of force in the f-p.s. system. The force that, acting on a mass 
of 1 pound, will impart to it an acceleration of 1 foot per second per 
second. It is approximately 1/32 of a force of 1 pound weight. d 

powder metallurgy The science or practice of manufacturing small metal arti- 
cles by sintering powdered metals under heat and pressure. 

power (math. The number of times a quantity is successively multiplied by 

- itself. Thus 2X 2X 2x 2 is 2 raised to the fourth power, 2 to the 

fourth, denoted as 24, 4 being the index or exponent. 

Power (phys.) The rate of doing work. It is measured in units of work per 
unit time. The derived S7 unit of power is the watt. See also horsepower. 

power alcohol Industrial ethanol used as a fuel. 

power factor In an electrical circuit, the ratio of the power dissipated, P, to 
the product of the electromotive force, E, and the current, I. In single-phase 
and three-phase circuits the power factor is given by cos $, where ¢ is the 


phase angle between the E.M.F. and the current, ie. P = EI cos $. E and 
I are RMS values. 


power reactor See nuclear reactor. 

praseodymium Pr. Element. R.a.m. 140.907. At. No. 59. R.d. 6.78, m.p. 
935*C., b.p. 3512°C. A rare soft Silvery metal occurring in monazite and 
bastnasite. It is used in Misch metal and in some rare-earth catalysts for 
cracking oil. See lanthanides. 

precessional motion A rotating body is said to precess when, as a result of an 
applied couple, the axis of which is at right angles to the rotation axis, the 
body turns about the third mutually perpendicular axis.. 4 

precession of the equinoxes A slow movement to the west of Me MES 
about the ecliptic, caused by the precessional motion of the SEM ur ied 
period of this precession is 25 800 years. The precessional mo! 
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Earth is a result of the gravitational attraction between its equatorial bulge 
and the Sun and the Moon. 

precipitate (chem.) An insoluble substance forme 
a chemical reaction. 

precipitation (chem.) The formation of a precipitate. A common type of pre- 
cipitation much used in chemical analysis and preparations, occurs by dou- 
ble decomposition when two solutions are mixed if each of the solutions 
contains one radical of an insoluble compound. 

precursor An intermediate substance from which another is formed in the 
course of a chemical process. 

presbyopia Long sight. A defect of vision normally occurring after the age of 
45. The subject is able to see distant objects clearly, but is unable to 
accommodate the eye to see near objects distinctly. It occurs as a result of 
loss of elasticity in the lens of the eye and is corrected by the use of 
convex spectacle lenses. 

pressure The force per unit area acting on a surface. “Absolute pressure’ is the 
pressure measured with respect to zero pressure. ‘Gauge pressure’ is the 
pressure measured by a gauge in excess of the pressure of the atmosphere. 
The SI unit of pressure is the pascal (N m-2) The c.g.s. system uses the 
dyne per square centimetre (1 Pa — 10 dynes cm ?). Other units are the 
bar (= 10? Pa), the atmosphere (= 101 325 Pa), the mmHg ( = 133.322 
Pa). See also Appendix, Table l. 

pressurized water reactor PWR. A nuclear reactor in which water is the cool- 
ant and the moderator, but in which the water is maintained at a high 
pressure in order to prevent it boiling. The pressurized water is passed 
through a heat exchanger to generate steam for producing electric power in 
a conventional turbogenerator. 

primary cell Voltaic cell, galvanic cell. A device, usually irreversible, for pro- 
ducing an electromotive force and delivering an electric current as the result 
of a chemical reaction. See Daniell cell, Leclanché cell, Weston cell, mercury 
cell. 

primary coil Primary winding. The input coil of a transformer or induction 
coil. Compare secondary coil. 

primary colours (phys.) Red, green, and a bluish-violet. Any colour may be 
obtained by suitably combining light producing these (see colour vision ). 
Also the pigment colours red, yellow, and blue, which cannot be imitated by 
mixing any other pigment colours. 

prime number (math.) A number possessing no factors (i.e. divisible by no 
whole number, other than itself and one). 

principal axis See optical axis. 

principal focus See mirrors, spherical; lens. 

principal plane (phys) In a crystal exhibiting double refraction, a plane con- 
taining the optic axis and either the ordinary ray (principal plane of ordi- 
nary ray) or the extraordinary ray (principal plane of extraordinary ray). 

principal point (phys.) Two points on the optical axis of a thick lens or com- 
bination lens system, such that if the object distance is measured from one 
and the image distance from the other, the equations obtained relatin 
object-image distance, etc., are similar to those obtained for a thin lens, i 
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d in a solution as the result of 
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principal section (phys.) A plane passing through the opric axis of a crystal 
exhibiting double refraction that is at right angles to one of the crystal 
surfaces. 

principle of superposition See Huygens principle of superposition. 

printed circuit An electronic circuit in which the wiring between components, 
and certain fixed components themselves, are printed on to an insulating 
board. The board is coated with copper and the portion of the metal that 
Tepresents the wiring or components is photographically covered with a 
protective film, the rest of the metal being etched away in an acid bath. 

prism (math.) A solid figure having two identically equal faces (bases) consist- 

~ ing of polygons in parallel planes; the other faces being parallelograms equal 
in number to the number of sides of one of the bases. 

prism, optical A triangular prism made of material transparent to the light 
being used; e.g. glass for visible light, quartz for ultraviolet and near infra- 
red radiation. They are used in optical instruments to deviate or disperse a 


ray or to turn an image upside down. See also Nicol prism; Rochon prism; 
Wollaston prism. 


prismatic In the shape of a prism or using a prism. 


nts (field-glasses, etc.) in which a right- 
angled prism is used to invert the inv 


probability distribution of electrons The probability that an electron within an 


atom will be at a certain point in space at a given time; it is determined by 
the magnitude of the Square of the wave function. 

process control The contro! 
electronic means. 


producer gas A fuel gas produced by the partial combustion of coke or coal 
In a restricted supply of air, to which steam may have been added. The 
principal constituents of the Bas are carbon monoxide (2596 —3055), nitrogen 
(50%-55%), and hydrogen (105—155). Hydrocarbons and carbon dioxide 
will also be present. 


product (math.) The result of multiplying two or more quantities together. 
production reactor See nuclear reactor. 
progesterone C5: H3505. A white crystalline steroid hormone, m.p. 128.5°C., 
responsible. for Preparing the reproductive organs of mammals for preg- 
nancy and for protecting the embryo. X 
program Progamme. The sequence of instructions fed into a computer in order 
to enable it to carry out a process. LAE 
projectile A body that is thrown or projected. If the projectile is discharged 
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with a velocity v at an angle a to the horizontal, the following formulae 
hold true if the resistance of the. air is neglected (g being the acceleration of 
free fall ): 
Time to reach highest point of flight = (vsina )/g 
Total time of flight = (2vsina )/g 
Maximum height — (v?sin2a /2g 
Horizontal range = (v?sin2a )/g 
prolate spheroid See spheroid. = 
proline A white, crystalline amino acid, m.p. 220°C., that occurs in most 
proteins. See Appendix, Table 5. 
promethium Pm. A radioactive element of the lanthanide series. At. No. 61. 
M.p. 1080°C., b.p. 2460*C. It occurs as a fission product of uranium in 
nuclear reactors. The most stable isotope, promethium-145, has a half-life of 
about eighteen years. d 
prompt critical Capable of sustaining a nuclear fission chain reaction on the 
prompt neutrons alone, without contribution from delayed neutrons. 
prompt neutrons Neutrons resulting from nuclear fission (either during the fis- 
sion process or from freshly formed fission fragments) that are emitted 
without measurable delay, i.e. in less than a millionth of a second. See 
delayed neutrons. 
proof spirit Ethanol containing 49.28% alcohol by weight, or 57.10% by vol- 
ume, and having a relative density of 0.919 76 at 60°F. Formerly defined as 
the weakest solution of alcohol that would fire gunpowder when brought 
into contact with it and ignited. 
proof spirit, degrees The number of degrees under proof is the volume per- 
centage of warer in a solution regarded as containing proof spirit and water; 
degrees over proof is the volume increase obtained when 100 volumes of 
the spirit are diluted with sufficient water to obtain proof spirit. Spirits are 
usually sold on the basis, ‘30° under proof or ‘70° proof both of which 
mean the same. Such spirit contains 57.1 X 70/100 = 39.97% alcohol by 
volume. 
propanal Propionaldehyde, propyl aldehyde. CH4CH;CHO. A colourless lig- 
uid aldehyde, b.p. 48.8°C., used in the manufacture of plastics. 
propane C4 Hg. The third Aydrocarbon of the alkane series. A flammable gas. 
B.p. —42.17°C. It is used as a fuel in the form of bottle gas. 
propanedioic acid Malonic acid. CH;(COOH). A white soluble dibasic acid, 
m.p. 135.6°C., used in the manufacture of barbiturates. 
propanoic acid Propionic acid. CH4CH5COOH. A colourless liquid carboxylic 
acid, b.p. 141°C. It is used in the form of its calcium salt as a bread 
additive. 
propanol Propyl alcohol. Either of two isomers (see isomerism ). 1. Propan-1- 
ol, n-propyl alcohol, CH34CH;CH;OH, a colourless liquid, b.p. 97.2°C., 
used as a solvent. 2. Propan-2-ol, isopropyl alcohol, CH; CHOHCH,;, a col- 
ourless liquid, b.p. 82.4°C., used for the industrial production of propanone 
(acetone), as a solvent, and as an intermediate in organic synthesis. 
propanone Acetone, dimethyl ketone. CH;CCCH3. A colourless flammable 
liquid with a pleasant odour, b.p. 56.5°C., used as a solvent in making 
plastics. 
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propellant 1. The explosive substance used to fill cartridges, shell cases, and 
solid fuel rockets. The term is also used to include the fuel and oxidant of 
rockets when these are separate. 2. A gas used in aerosol preparations to 
expel the /iquid contents through an atomizer. 

propenal Acrolein, acrylaldehyde. CH,:CHCHO. A colourless flammable /iq- 
uid with an irritating smell, b.p. 52.5*C., used to make acrylic resins and 
pharmaceutical products. 

propene Propylene. CH,:CH.CH3. The second member of the alkene series of 
hydrocarbons. A colourless gas, b.p. —47°C. See also polypropylene. 

propenoic acid Acrylic acid. CH,:CHCOOH. A corrosive liquid, m.p. 13°C., 
b.p. 141°C., used in the manufacture of acrylic resins. 

propenonitrile Acrylonitrile, vinyl cyanide. CH,:CHCN. A colourless flamma- 
ble liquid, b.p. 78°C., used to make acrylic resins, synthetic rubbers. and 
synthetic fibres. 

proper fraction A fraction in which the numerator is less than the denomina- 
tor, e.g. ". In an ‘improper fraction’ the numerator is greater than the 
denominator, e.g. 4/3. 

proper motion of a star The component of a star’s motion in space relative to 
the Sun that is perpendicular to the line of sight. 

propionaldehyde See propanal. 
propionic acid See propanoic acid. 

. proportion (math.) An equality between two 
quantities, a, b, c, d are in proportion. 

proportional counter A counter tube 
to the number of ions produced. 

propulsion reactor See nuclear reactor. 

propyl The univalent alkyl radical C4H;-. 

propylene See propene. 

prostar See stellar evolution. 


prosthetic group A non-protein group combined to a protein, e.g. the haem 
group in haemoglobin or the nucleic acid in nucleoprotein. 


protactinium Pa. Radioactive element. At. No. 91. The most abundant natural 
isotope has a mass number of 231 and a half-life of 32 480 years. A dense 
metal with an r.d. probably in excess of 15, it occurs in minute quantities 
in uranium ores, a$ a member of the uranium series. 


protargol A powder containing finely divided silver and protein; with water, it 
forms a colloidal solution of silver. 


proteases Proteinases. A group of enzymes capable of breaking up proteins 
into amino acids, of building up amino acids into proteins, and of substi- 


tuting one amino acid for another in protein molecules. Occurring in all 


living tissues, they conduct the processes of protein metabolism in the living 
organism. 


proteins A class of complex nitrogenous organic compounds of high relative 
= molecular mass (18 000—10 000 000), which is of great importance to all 
living matter. Protein molecvles consist of hundreds or thousands of amino 


acids joined together by the peptide linkage into one or more interlinked 
polypeptide chains, which may be folded in a variety of different ways. 
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ratios. If a/b — c/d, the four 


in which the output pulse is proportional 


PTOMAINES 


Some twenty different amino acids occur in proteins and each protein mol- 
ecule is likely to contain all of them arranged in a variety of sequences. It 
IS the sequence of the different amino acids that gives individual proteins 
their specific properties. The particular sequence of the amino acids in 


proteins, which are synthesized in the cytoplasms of cells, is determined by 
ides in the nucleic acids of the chromosomes, 


the sequence of the nucleoti 
three nucleotides coding for each amino acid. Most proteins form colloidal 
but some (notably the fibrous 


solutions in water or dilute salt solutions, 
proteins ) are insoluble. Proteins may be simple, i.e. yielding only amino 
acids on hydrolysis, others are ‘conjugated’, i.e. combined with other sub- 
stances (see prosthetic groups). Enzymes are a particularly important group 
of proteins as they determine the chemical reactions that will take place in 
a cell, and therefore the characteristics that it will have. 
proteolytic Proteoclastic. Having the power of decomposing Or 


proteins. 
protium The hydrogen isotope 
protolysis A reaction involving the transfer of protons (hydrogen ions ). 


proton A stable particle, classified as a hadron, with electric charge equal in 
magnitude to that of the electron but of opposite sign, and with mass 
t of the electron (1.672 614 x 10727 kilo- 


1836.12 times greater than tha 

gram). The proton is à hydrogen ion (i.e. a normal hydrogen atomic 
nucleus) and is a constituent of all other atomic nuclei. See atom, structure 
of; elementary particles. 

proton number See atomic number. 

protoplasm The matter of which biological cells consist. 

provitamin A substance from which a vitamin is formed. 

Prussian blue Potassium iron(II) hexacyanoferrate(II). KFe[Fe(CN),]. A deep 
blue substance obtained by the action of a ferric salt on potassium hexacya- 
noferrate(II) (potassium ferrocyanide). 

prussic acid An intensely poisonous solution of Aydrocyanic acid, HCN. 

pseudoaromatic A ring compound containing conjugated double bonds in the 
manner of an aromatic compound, although its properties are different to 
those of an aromatic compound. i - 

pseudoscalar A scalar quantity that changes sign in the transition from a 
right-handed to a left-handed system of coordinates. 

pseudovector Axial vector. A vector quantity that changes sign in the transi- 
tion from a right-handed to à left-handed system of coordinates. 

psi particle J particle. A meson that has no charge but an anomalously long 
lifetime. The discovery of this particle in 1974 led to the extension of the 
quark model and the hypothesis that a fourth quark (and its antiquark) 
existed with a new property called charm. The ps! particle is now believed 
to consist of the charmed quark plus its antiquark (i.e. CC). 

psychrometry The measurement of the humidity of the atmosphere. 

FLER See polytetrafluoroethene. 

M dade o see Pine onga. Food poisoning, auent 
pusnemed ptomaine ^. gil ae almost invariably due t iege a 
than the ptomain a poisoning, 1S O Causes other 


hydrolysing - 


with mass number of one. 
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PTYALIN 


ptyalin An enzyme that occurs in the saliva and serves to convert starch into 
sugar. 

p-type conductivity See n-type conductivity. 

puddling process The preparation of nearly pure wrought iron from cast iron 
that contains a high percentage of carbon. The cast iron is heated with 
haematite, Fe,O3, the oxygen in which oxidizes the carbon. 

pulsars Stars that emit radio frequency electromagnetic radiation in brief pulses 
at extremely regular intervals. Many such objects have been located by 
radio telescopes, a few of them have also been observed to emit pulses of 
light and X-rays. It has been suggested that pulsars are neutron stars, emit- 
ting pulses of radiation as they rotate. 

pulsatance See angular frequency. 

pulse A brief increase in the magnitude of a quantity whose value is usually 
constant (e.g. current or voltage ). 

pulse height analyser. An instrument incorporating an electronic circuit that 
permits only voltage pulses of predetermined amplitudes to be passed to 
succeeding circuits. The range of amplitudes passed through such circuits is 
referred to as the ‘channel width’ or ‘window’. In a single-channel analyser 
the channel width is usually pre-set and the threshold varied to scan the 
amplitude spectrum of incoming pulses. In a multi-channel instrument, 
often called a 'kicksorter', the incoming pulses are sorted and recorded 
according to their amplitudes. The kicksorter is used for distinguishing 
between isotopes by sorting the characteristic ‘kicks’ that their radiations 
give. 

pulse-jet A type of ram-jet in which the combustion process is not continuous, 
but is arranged to occur at intervals between which the pressure in the 
combustion chamber is allowed to build up. The German ‘flying bombs’ of 
World War II were powered by pulse-jets fitted with air intake valves that 
opened when the pressure resulting from the passage of the projectile 
through the air exceeded the pressure in the combustion chamber: each 
new charge being separately fired. 

purine C; H4N4. A white crystalline organic base, m.p. 216°C., related to uric 
acid. Derivatives are of great importance biologically as they occur in aden- 
osine triphosphate and nucleic acids. Adenine and guanine are typical of such 
derivatives. f 

purple of cassius A purple pigment, consisting of a mixture of colloidal gold 
and tin(IV) acid. It is used for making ruby glass. 

push-pull Denoting an electronic circuit in which two components are out of 
phase by 180°. E.g. a push-pull valve amplifier has two valves arranged so 
that the control grid input signals are 180° out of phase, the output circuits 
being arranged to combine the two signals so that they are in phase. 

putrefaction Chemical decomposition, by the action of bacteria, of the bodies 
of dead animals and plants; especially the decomposition of proteins with 
the production of offensive substances. 

putty A material composed of powdered chalk mixed with linseed oil. 

putty powder Impure tin(IV) oxide, SnO;. 

PVA See polyvinyl. acetate. 

PVC See polyvinyl chloride. 
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pyknometer An apparatus for determining the density and expansivity of a 
liquid. It consists of a glass vessel graduated to hold a definite volume of 
liquid at a given temperature. By weighing it full of liquid at different 
temperatures, the variations in density, and therefore the apparent expan- 
sion, may be found. 

pyramid (math.) A solid figure having a polygon for one of its faces (the 
base), the other face being triangles with a common vertex. The volume of a 
pyramid is one-third of the product of the area of the base and the vertical 
height. 

pyrene CjgH;g. A yellow crystalline polycyclic hydrocarbon, m.p. 149*C., 
found in coal-tar. 

Pyrex* A type of borosilicate glass that is resistant to heat and chemical 
attack; it is widely used in laboratory glassware. 

pyridine C;HsN. A colourless heterocyclic liquid with an unpleasant smell. 
B.p. 115°C. It occurs in bone-oil and coal-tar. It is used for making merhy- 
lated spirit unpalatable; compounds derived from it are used in medicine. 

pyridoxine Vitamin Bg. Cg Hj; NO3. A pyridine derivative that is a member of 
the vitamin B complex; it is believed to be of importance in the utilization 
of unsaturated fatty acids by many organisms. 

pyrimidine C4 H4N3. An organic base, m.p. 22°C., b.p. 123.5°C., consisting of 

a heterocyclic six-membered ring. Derivatives are of great biological impor- 
tance as they occur in nucleic acids. Uracil, thymine, and cytosine are typical 
of such derivatives. 
rites Natural sulphides of certain metals. Iron pyrites is FeS}; copper pyr- 

Pes (fools’ gold) is CuFeS. ae ERS Ey 

ro- Prefix denoting fire, strong heat. In chemical nomenclature it denotes a 

substance obtained by heating; e.g. pyroboric acid, obtained by heating 

boric acid. It is also used to indicate that the water content of an acid or 
salt is intermediate between that of the ortho- and meta-compounds of the 
same name. 

pyrocatechol See 1,2-dihydroxybenzene. 

pyroelectricity The property of certain crystals, e.g. tourmaline, of acquiring 
electric charges on opposite faces when the crystals are heated. 

pyrogallol Pyrogallic acid, benzene-1,2,3-triol. Cg H3(OH)3. A white crystalline 
soluble solid, m.p. 132°C., that is a powerful reducing agent; alkaline solu- 
tion: rapidly absorbs oxygen. It is used in photographic developing and in 
gas analysis for the estimation of oxygen. See Orsat apparatus. 

pyroligneous acid A watery liquid obtained by the destructive distillation of 
wood. It contains ethanoic (acetic) acid, CH;COOH, methanol, CH,OH, 
propanone (acetone), (CH3),CO, and small amounts of other organic com- 
pounds. 4 1 

pyrolusite Natural manganese(1 V) oxide (manganese dioxide; MnO;). A black 
crystalline solid, r.d. 4.8; it is the principal ore of manganese. 

pyrolysis Chemical decomposition by the action of heat. 2 

pyrometers Instruments for measuring high temperatures. The four main types 
are: (1) platinum resistance thermometers, which make use of the iem d 
electrical resistance of platinum wire with rise in temperature; (2) iiem 
electric thermometers, using the principle of the thermocouple: (3) optical 
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pyrometers, in which the temperature is estimated by the intensity of the 
light emitted by the body in a narrow wavelength range; and (4) radiation 
pyrometers, which detect the heat radiation from the hot body (see radiomi- 
crometer ). See also Seger cones. 

Pyrophoric alloys Alloys that emit sparks when scraped or struck, and are 
therefore used as ‘flints’ in lighters. See Misch metal; Auer metal. 

pyrophosphoric acid See phosphoric acids. 

pyrosulphuric acid See sulphuric acids. 

pyrotechnics Fireworks. 

Pyroxenes A group of minerals consisting principally of silicates of magne- 
sium, iron, and calcium. 

pyrrole C H5N. A colourless liquid heterocyclic compound, b.p. 103°C., found 
in coal tar. 

pyruvic acid 2-oxopropanoic acid. CH;.CO.COOH. A liquid organic acid, m.p. 
13*C., of importance in the metabolic (see metabolism ) breakdown of glu- 
cose. Pyruvic acid is itself broken down in the citric-acid cycle. 

Pythagoras, theorem of In a right-angled triangle the square on the hypotenuse 


is equal to the sum of the squares on the other two sides. Named after the 
Greek mathematician (c. 582—500 B.C. ). 


x 
[ 
E 


328 


eee 


QUANTITATIVE CHEMICAL ANALYSIS 


Q 


Q-factor A factor associated with resonant circuits, defined by: 
Q = (LIC)*/R, 
where R is the resistance, L the inductance, and C the capacitance of the 
circuit. In a series resonant circuit 
Q= egL/R = 1/%CR, 
where wo = 2zf, and f, is the resonant frequency. In a parallel resonant 
circuit 
: wo = (LC)~ 1-1/0)” 
QSG Quasi stellar galaxy. A quasar that is not a radio source, 
quadrant Quarter-circle. A sector of a circle bounded by an arc and two radii 
at right angles. 
quadratic equation An equation involving the square or second power of the 
unknown quantity; it is satisfied by two values (known as roots) of the 
unknown quantity. Any quadratic equation may be written in the form 
ax? + bx + c= 0; 
the roots of this equation are given by the expression 
x = [-b + (b? - 4ac)/2a. 
The sum of the roots is —b/a and their products is c/a. Thus any quadratic 
equation may be solved by substitution of the appropriate values in the 
above expressions. 
quadrature <The position of the Moon or an outer planet such that a line 
between it and the Earth makes a right angle with a line joining the Earth 
to the Sun. 
quadrilateral A plane figure bounded by four straight lines. 
quadrivalent Tetravalent. Having a valence of four. 
qualitative Dealing only with the nature, and not the amounts, of the sub- 
stances under consideration. 
qualitative chemical analysis The determination of the chemical nature of sub- 
stances; especially the identification of substances present in a mixture. 
quality control The application of the theory of mathematical probability to 
sampling the output of an industrial process, with the object of detecting 
and controlling any variations in quality. 
quality of sound Most sounds are not ‘pure’; i.e. they are composed of vibra- 
tions of more than one frequency. A note consists of a ‘fundamental’, of 
greatest intensity and lowest pitch; and several overtones, of much lesser 
intensity and of frequencies that are simple multiples of that of the funda- 
mental. The various overtones produce a characteristic quality or timbre in 
the note. See also harmonics. ^ 
quantitative Dealing with quantities as well as the nature of the substances 
under consideration. 
quantitative chemical analysis The determination of the amounts of substances 
present, by chemical means. 
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QUANTITY OF ELECTRICITY 


quantity of electricity The amount of electric charge flowing through a circuit; 
ie. the product of the current and the time for which it flows. The SZ unit 
is the coulomb. 

quantized A quantity is said to be quantized if, in accordance with quantum 
mechanics, it can only have certain discrete values (each of which is called 
a quantum). Such a quantity cannot vary continuously, differences in value 
being separated by ‘jumps’. 

quantum According to the quantum theory, energy exists in discrete units, only 
whole numbers of which can exist: each unit is called a quantum (plural 
'quanta'). The quantum of electromagnetic radiation is the photon; in certain 
contexts the quantum of energy associated with nuclear forces may be taken 
as the meson. 

quantum chromodynamics See elementary particles. 

quantum electrodynamics The study of electromagnetic interactions in terms of 
quantum theory. One aspect is based on the use of Feynman diagrams, in 
which collisions between elementary particles are illustrated with the resul- 
tant exchange of photons. 

quantum electronics The study of the generation or amplification of microwave 
power in solid crystals, in accordance with the laws of quantum mechanics. 

quantum mechanics The system of mechanics that, during the present century, 
has replaced Newtonian mechanics as a method of interpreting physical phe- 
nomena occurring on a very small scale (e.g. the motion of electrons and 
nuclei within atoms; see atom, structure of). Quantum theory originated 
with the discovery by Max Planck that the hear radiation from a black- 
body (see black-body radiation ) is quantized,-i.e. emitted in discrete quanta 
of energy, the magnitudes of which are given by the product of the fre- 
quency of the radiation and a universal constant, now known as the Planck 
constant. It was soon realized that all electromagnetic radiations are quan- 
tized (see photon ) and the theory was developed by Niels Bohr so that the 
spectrum of hydrogen could by accounted for quantitatively (see Bohr the- 
ory). This early version of quantum mechanics was refined by Sommerfeld 
to take into account the elliptical orbits of electrons. More recently quan- 
tum mechanics has been developed in a specialized form, known as wave 
mechanics, which is more versatile and involves fewer arbitrary assumptions 
than the original theory. 

quantum numbers Inregral or half-integral numbers that specify the state of a 
System or its components in quantum mechanics. An electron within an 
atom, for example, is specified by four quantum numbers in the Bohr the- 
ory: (1) the principal quantum number, n, defining the energy level or shell 
in which the electron occurs; (2) the orbital or azimuthal quantum number, 
l, defining the shape and multiplicity of the orbit within that shell; (3) the 
magnetic orbital quantum number, mj, which determines the orientation of 
the orbit with reference to a strong magnetic field; and (4) the magnetic 
spin quantum number, m,, which determines the direction of spin of an 
electron za a magnetic field. See also Pauli's exclusion principle. 

quantum theory The theory that grew up around Planck’s introduction into 
Physics of the concept of the discontinuity of energy. The system of quan- 


tum mechanics evolved from this theory during the first half of the twenti- 
eth century. 
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QUIET SUN 


quarks Originally three hypothetical elementary particles, with corresponding 
antiparticles, postulated by Murray Gell-Mann to account for the composi- 
tion of hadrons. Since the discovery of the psi particle the number of 
quarks has been increased to six and an elaborate theory of hadron struc- 
ture and strong interactions has been built around them (see elementary 
particles). According to the quark theory all matter consists either of 
quarks or /eptons, which are the only true elementary particles; however no 
quarks have yet been identified experimentally. 

quart Unit of capacity equal to one quarter of a gallon. 


quarter-wave plate A plate of doubly refracting material (see double refrac- 
tion) cut parallel to the optic axis of the crystal, and of such a thickness 
that a phase difference of 7/2 or 90° is introduced between the ordinary 
and extraordinary rays for light of a particular wavelength (usually sodium 
light). Plane-polarized light (see polarization of light) incident normally 
upon such a plate, with its plane of vibration making an angle of 45° with 
the optic axis, emerges from the plate circularly polarized. A quarter-wave 
plate is often used in the analysis of polarized light. 

quartz Natural crystalline silica, SiO}, which sometimes occurs in clear, col- 
ourless crystals (rock crystal); more frequently it occurs as a white, opaque 
mass. Quartz crystals exhibit the piezoelectric effect to a marked extent. 

quartz clock or watch A clock or watch regulated by a quartz crystal, which 
vibrates with a definite constant frequency under the effect of an alternating 
electric field tuned to this resonance frequency of the crystal. (See piezoelec- 
tric effect.) Being much more accurate than a balance-wheel or pendulum- 
regulated clock, it is now used in all accurate clocks and watches. 


quasars Quasi stellar radio sources. Extra-galactic sources of high energy elec- 
tromagnetic radiation. They were originally located by radio astronomers 
(see radio astronomy ) because of their powerful radio frequency emissions. 
Over six hundred of these objects have now been Observed, some of them 
are also visible with optical telescopes as they emit /ight. If their observed 
red shifts are interpreted as Doppler-effect red shifts resulting from high 
velocities of recession, they are the most distant objects in the Universe, 
being some 10!° light-years away. However, some astronomers believe the 
Observed red shifts are a gravitational phenomenon and that the quasars 
are unexplained objects within the Galaxy. 


quaternary ammonium compounds Compounds of the general formula NR,OH; 
they are theoretically derived from ammonium hydroxide, NH,OH, by 
replacement of the hydrogen atoms by organic radicals. 


quenching The process of terminating the discharge in a Geiger counter by 
preventing re-ignition. 


quenching of steel Rapid cooling by immersion into water or oil, to harden 
the steel. 


quicklime See calcium oxide, CaO. 
quicksilver See mercury. 


quiet Sun The Sun’s condition when no sunspots, solar flares, or solar 
Prominences are taking place. Radio-frequency emission (see radio astron- 
omy) from the Sun, which has to be observed during the rare Periods of 
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QUINHYDRONE 
the quiet Sun, has enabled temperature measurements of the various layers 
of the solar atmosphere to be made. 

quinhydrone CcH4(OH);.C;H4O». An addition compound of hydroquinone 
and quinone. A green crystalline substance, m.p. 171°C., used in photogra- 
phy and as an antioxidant; the quinhydrone electrode is used in pH mea- 
surement. 

quinidine C;5 H5 4N5O». A colourless crystalline alkaloid, isomeric with qui- 
nine, m.p. 174—5°C., used in medicine. 

quinine C55,H5405N5.3H5O0. A colourless bitter-tasting crystalline alkaloid 
that occurs in Cinchona bark, m.p. 57°C. It was used in the treatment of 
malaria. 

quinol See hydroquinone. 


quinoline C; H7 N. A colourless liquid base, b.p. 237°C., that occurs in coal- 
tar. Used as a solvent and in the manufacture of dyes. 

quinones A series of aromatic compounds in whose molecules two hydrogen 
atoms in the same benzene nucleus are replaced by oxygen atoms, forming 
carbonyl groups. The quinones are therefore diketones (see ketones ). The 
simplest member of the series is cyclohexadiene-1,4-dione, O:C,H4:0; a 
yellow crystalline solid, m.p. 115.7°C., used as an oxidizing agent, in dye 
manufacture, and in photography. 

quinquevalent Pentavalent. Having a valence of five. 

quotient See division. 


Q-value Nuclear energy change, nuclear heat of reaction. The net amount of 
energy released in a nuclear reaction; usually expressed in million electron- 
volts, MeV, per individual reaction. 
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racemic acid d/-tartaric acid, d/-2,3-dihydroxybutanedioic acid. The racemic 
form of tartaric acid. 


racemic mixture Racemate. An equimolecular mixture of the two optically 
active forms of a substance. Such a racemic mixture is denoted by the 
letters dl., e.g. dl-tartaric acid; it is optically inactive and is said to be 
externally compensated. 


rad The former unit of absorbed dose of ionizing radiation. One rad is equal 
to the energy absorption of 100 ergs per gram (0.01 J kg- !) of irradiated 
material. 1 rad is equivalent to 10~? gray. 


radar An abbreviation of the words RAdio Detection And Ranging. It covers 
any system employing microwaves for the purpose of locating, identifying, 
navigating, or guiding such moving objects as ships, aircraft, missiles, or 
artificial satellites. The system consists essentially of a generator of electro- 
magnetic radiation of centimetric wavelengths, the output of which is pulse 
modulated (see modulation) at a radio frequency and fed to a movable 
aerial whence it is radiated as a beam. Distant objects that cross the path 
of the beam reflect the pulses back to the transmitter, which also acts as a 
receiver. A cathode-ray tube indicator displays the received signal in the 
correct time sequence so that the time taken for a pulse to travel to the 
object and back can be measured. Thus the distance of the object from the 
transmitter can be calculated, and its direction can be ascertained from a 
knowledge of the direction of the aerial. This fundamental technique has 
been extended so that automatic guidance and navigation can be effected 
by computers without the necessity of a display. 

radial velocity See /ine of sight velocity. 


radian The supplementary S7 unit of plane angle defined as the angle sub- 
tended at the centre of a circle by an arc equal in length to the radius of 
the circle. 27 radians = 360°, 1 radian = 57.296°. Symbol rad. 


radiance L.. The radiant intensity of a source in a given direction, per unit 
transverse area, measured in W sr- !m-?. 


radiant energy Energy that is transmitted in the form of radiation, particularly 
electromagnetic radiation. Radiant energy is the only form in which energy 
can exist in the absence of matter. 


radiant flux ®,.. The total power emitted or received by a body in the form 
of radiation (usually electromagnetic radiation ). It is measured in watts. 


radiant intensity 7,. The radiant flux per unit solid angle emitted by a point 


source of radiation, measured in W sr !. = 


radiation In general, the emission of any rays, wave motion, or particles (e.g. 
alpha particles, beta particles, neutrons ) from a source; it is usually applied 
to the emission of electromagnetic radiation. 


radiation belts See Van Allen radiation belts. 
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radiation hazard The potential danger to health resulting from exposure to 
ionizing radiation or the consumption of radioactive substances. 

radiation potential Resonance potential. The energy (expressed in electronvolts ) 
necessary to transfer an electron from its normal position in an atom to 
some other possible position; i.e. to an energy level of greater energy. 

radiation pressure The pressure exerted on a surface by radiation. As electro- 
magnetic radiation has mass and momentum, it exerts a force, and therefore 
a pressure, on any surface on which it falls. In macroscopic terms this 
pressure is very small but on small particles it can be important. Based on 
the value of the solar constant, the pressure of the Sun's radiation on the 
Earth is about 4 x 1076 pascal. 

radiation sickness Illness caused by exposure to ionizing radiation. Initial 


symptoms are vomiting and diarrhoea, followed in some cases by leukae- 
mia. 


Wo NN ET WP. 


radiation temperature The surface temperature of a star or other celestial 
body assuming that it is a black body. It is calculated on the basis of 
Stefan's law. If it is measured using the visible wavelengths it is called the 
optical temperature. 


radiative capture See capture. 


radiative collision A collision between charged particles in which part of the 
kinetic energy is converted into electromagnetic radiation. 

Tadical Radicle. 1. (chem.). A group of atoms, Present in a series of com- 
pounds, that maintains its identity through chemical changes affecting the 
rest of the molecule, but that is usually incapable of independent existence. 
Eg. the ethyl radical, CjHs—. See also free radical. 2. (math.). Relating to 
a root. The symbol y is called the ‘radical sign’. 

radio The use of electromagnetic radiation to communicate electrical signals 
without wires (‘wireless transmission). In the widest sense the term incor- 
Porates sound broadcasting (including radio telephony ), television, and 
radar. Transmission by radio involves a transmitter feeding a transmitting 
aerial, from which electromagnetic energy is broadcast, either as ground 
waves or sky waves, to a receiving aerial, which feeds a receiver. The trans- 
mitter in sound broadcasting consists of a generator of a radio frequency 
carrier wave modulated (see modulation) in accordance with the electric 
currents provided by the amplified output of a microphone. The modulated 
carrier wave is fed to the transmitting aerial and if the receiving aerial is 
tuned to the frequency of the carrier wave (see resonant circuit) it will 
enable the receiver selectively to amplify and demodulate the transmitted 
signal. Demodulation is achieved by rectification of the signal. In this way a 
current is produced in the output stage of the receiver, which varies in 
accordance with the frequency of the sound wave fed to the microphone at 
the transmitter. This current may then be used to operate a loudspeaker, 
which reproduces the original sound. 

radio- See radioactive. 

radioactive Possessing, or pertaining to, radioactivity. Sometimes only the pre- 
fix ‘radio is used to describe radioactive nuclides or the substances con- 
taining them, e.g. radiocarbon is an abbreviation for radioactive carbon. 

radioactive age The age of a mineral, fossil, or wooden object as estimated 
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from its content of radionuclides. This method assumes that the content of 
radionuclides has remained unchanged except for radioactive decay. See 
also dating; potassium-argon dating; rubidium-strontium dating; radiocarbon 
dating; uranium-lead dating. 

radioactive equilibrium A state ultimately reached when a radioactive sub- 
stance of slow decay (see radioactivity) yields a radioactive product on 
disintegration. This product may also decay to give a further radioactive 
substance, and so on. The amount of any of the daughter radioactive prod- 
ucts present after equilibrium has been reached remains constant, the loss 
due to decay being counterbalanced by gain from the decay of the immedi- 
ate parent. 

radioactive series Radioactive family. A series of radionuclides, each except the 
first being the decay product of the previous one. The three naturally 
occurring series are the thorium series (starting with thorium-232), the 
actinium series (uranium-235), and the uranium series (uranium-238). The 
final member of each series, an isotope of lead, is stable. See radioactivity. 

radioactive standard A specimen of a material containing a radionuclide of 
precisely known rate of decay that is used for the calibration of instru- 
ments measuring radiation. 

radioactive tracing A method of tracing the course of an element through a 
biological, chemical, or mechanical system. Any two isotopes of an element 
are chemically identical. Thus, by introducing a small amount of a radioiso- 
tope, called a tracer, the course taken by the stable isotope of the same 
element can be followed or traced by detecting the course of the accompa- 
nying radioisotope by suitable means. This can be done in various ways; 
e.g. Geiger counter. See labelled compound. 

radioactive waste See nuclear waste. 

radioactivity The property of spontaneous disintegration possessed by certain 
unstable types of atomic nuclei. The disintegration is accompanied by the 
emission of either alpha- or beta-particles and/or gamma rays. The most 
common type of disintegration involves beta-particle emission (see beta 
decay) and occurs either: (1) when a neutron present in the unstable 
nucleus is converted into a proton with the emission of an electron and an 
anti-neutrino, or more rarely (2) when a proton is converted into a neutron 
with the emission of a positron and a neutrino. These beta transformations 
are accompanied by unit change of atomic number but no change in mass 
number. Alpha particles are only emitted by certain radionuclides of the 
heavier elements (see alpha decay ); when this occurs the atomic number of 
the daughter nucleus is two less than that of the parent and its mass 
number is reduced by four units. Gamma-ray emission accompanies alpha 
or beta emission when the daughter nucleus is formed in an excited state 
(see excitation ). See also capture. 

Natural radioactivity is due to the disintegration of naturally occurring 
radionuclides (see radioactive series). The rate at which radionuclides dis- 
integrate is not influenced by any chemical changes, any normal Changes of 
temperature or pressure, or by the effects of electric or magnetic fields. How- 
ever ‘induced’ or ‘artificial’ radioisotopes of most elements can be formed by 
bombardment with particles (e.g. neutrons) or photons in a nuclear reactor 
or accelerator. 
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Radiations emitted by radionuclides are used in the treatment of disease 

(see radiotherapy ) and in radioactive tracing. 

radio astronomy The study of heavenly bodies by the reception and analysis 
of the radio-frequency electromagnetic radiation that they emit or reflect. In 
general, electromagnetic radiations from extraterrestrial sources are either 
absorbed by the Earth's atmosphere or reflected away from the Earth by 
the ionosphere. The two exceptions, which allow us to experience the rest of 
the Universe, are the optical wavelengths, which are able to penetrate the 
atmosphere, and the radio wavelengths in the band 1 cm—10 metres, which 
are too long to be absorbed by the atmosphere and too short to be 
reflected by the ionosphere. The radiations that pass through this ‘radio 
window’ onto the Universe come from a variety of sources, ranging from 
objects within the solar system (e.g. the Sun and the planet Jupiter) to 
galaxies that are too distant to be observed by optical telescopes. Radio- 
frequency emission may be due to thermal or non-thermal causes: emission 
from the quiet Sun is of thermal origin for example, whereas the radiation 
from sunspots is of unexplained non-thermal origin. The method by which 
radio astronomy attempts to make sense out of the apparently incoherent 
radio ‘noise’ from the Universe, is to construct maps of the sky in terms of 
radio emission, at several different frequencies. The intensities of the sources 
thus located are then compared with optical observations. In this way radio 
sources and radio galaxies have been identified. See also radio telescope. 

radiobiology The branch of biology concerned with the effects of radiation on 
living organisms and the behaviour of radioactive materials, or the use of 
radioactive tracing, in biological systems. 

radiocarbon dating The estimation of the age of wooden archaeological objects 
by measuring their content of the radioisotope of carbon, carbon-14. The 
impact of cosmic rays on the Earth's atmosphere causes a very small pro- 
portion of nitrogen atoms to transform into carbon-14 atoms. Some of 
these radioactive carbon atoms find their way, via carbon dioxide and pho- 
tosynthesis, into living trees. When a tree is cut down, however, it ceases to 
acquire further carbon-14 atoms. Therefore by comparing the radioactivity 
of a modern piece of wood with that of a specimen of unknown age, the 
length of time that has elapsed since the latter ceased to be living can be 
estimated (provided that it is not more than about 6000 years). This 
method has been checked by comparison with specimens of wood of 
known age from the tombs of the Pharaohs and has been found to be 
fairly reliable. 

radiochemistry The study and application of chemical techniques to the purifi- 
cation of radioactive materials and the formation of compounds containing 
radioactive elements. 

radiodiagnosis The branch of medical radiology concerned with the application 
of X-rays to diagnosis. 

radio frequency The frequency of electromagnetic radiation within the range 
used in -radio i.e. 10 kilohertz to 100 000 megahertz. 

radio-frequency heating Industrial induction or dielectric heating, particularly 
when the frequency of the alternating field is above about 25 kilohertz. 

radio-frequency welding See high frequency welding. 

radio galaxies Galaxies that emit electromagnetic radiation of radio frequencies 
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as observed by the techniques of radio astronomy. The exact source of this 
galactic radiation is not always understood, but radiation has been received 
from galaxies that have been observed optically to be in collision. See also 
radio sources, quasars, pulsars, and synchrotron radiation. 

radiogenic Resulting from radioactive decay. 1 

radiograph A photographic record of an image produced by short wavelength 
radiation, such as X-rays and gamma rays. 

radiography The formation of images on fluorescent screens or photographic 
material by short wavelength radiation, such as X-rays and gamma rays. 

radio interferometer A type of radio telescope that consists of two or more 
separate aerials, each receiving electromagnetic radiation of radiofrequencies 
from the same source, and each joined to the same receiver. The instru- 
ment works on the same principle as the optical interferometer, but as the 
wavelengths of the incident radiation are much greater, the distance 
between aerials has to be correspondingly increased. The chief advantage of 
radio interferometers, over single aerial parabolic reflectors, is that they can 
be made more sensitive to radiation from sources of small angular diame- 
ter. See also radio astronomy. 

radioisotope An isorope of an element that is radioactive. 

radiolocation The location of distant objects, such as ships or aircraft, by 
radar. 

radiology The science of X-rays and radioactivity, including radiodiagnosis and 
radiotherapy. 

radiolucent Almost transparent to radiation, especially X-rays and gamma rays, 
but not entirely so. An object or material that allows these radiations to 
pass with little or no alteration is said to be ‘radiotransparent’. Objects and 
materialsthat are opaque to them are said to be *radioopaque'". 

radioluminescence Fluorescence resulting from radioactive decay. 

radiolysis The chemical decomposition of substances as a result of irradiation. 
The radiation causes ionization and excitation, which promote further reac- 
tions. 

radiomicrometer An extremely sensitive instrument for measuring heat radia- 
tions. It consists of a thermocouple connected directly into a single copper 
loop forming the coil of a sensitive galvanometer. 

radionuclide A nuclide of an atom that is radioactive, 

radioopaque Opaque to radiation, i.e. not permitting radiation to pass through 
it. See radiolucent. 

radiosonde A small balloon used to carry meteorological instruments into the 
Earth's atmosphere. Measurements of temperature, pressure, etc. are trans- 
mitted by these instruments back to Earth by radio. 

radio source Formerly known as a 'radio star, a term which is no longer 
used. A discrete source of electromagnetic radiation of radiofrequencies 
outside the solar system. Such sources have been discovered by the tech- 
niques of radio astronomy, both within the Galaxy and outside it, but only 
a small number have been identified with stars that can be located with 
optical telescopes. Other sources are supernovae explosions and remnants, 
colliding galaxies and gas clouds, quasars, and pulsars; some Sources, how- 
ever, remain unexplained. 
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radio star See radio source. 


radio telephony The use of radio, rather than wires or cables, for all or part 
of a telephone system. 


radio telescope An instrument used in radio astronomy to pick up and analyse 
the radiofrequency electromagnetic radiations of extra-terrestrial sources. ‘The 
two principal types of radio telescope are: ( 1) parabolic reflectors, which are 
usually steerable so that they can be pointed at any part of the sky, and 
which reflect the incoming radiation on to a small aerial at the focus of the 
paraboloid; and (2) fixed radio interferometers. The latter have greater posi- 
tion-finding accuracy and greater ability to distinguish a small source 
against an intense background, while the former are more versatile owing 
to their mobility. 

radiotherapy The treatment of disease by means of radiation, particularly X- 
rays and techniques involving radioactivity. 


radiotransparent See radiolucent. 
radio window See radio astronomy. 


radium Ra. Naturally occurring radioactive element. At. No. 88, The most 
stable isotope, radium-226, has a half-life of 1620 years. A very rare metal, 
chemically resembling barium; m.p. 700*C., b.p. 1140°C., r.d. 5. It occurs 
in pitchblende. See radioactivity. 

radium emanation See radon. 

radius See circle. 


radius of curvature Consider any point P on a curve S lying in a plane. A 
circle can be drawn with centre at a unique point O on the normal to S at 
P, such that the curve and the circle are tangential at P. The radius of this 
circle, OP, is the radius of curvature of the curve at P. The concept may 
be extended to a point on a three-dimensional curved surface. In this case, 
an infinite number of radii of curvature exist, corresponding to the infinite 
number of plane curves that can form the line of intersection of the curved 
surface and the plane containing the normal at P. Of these curves, two are 
unique, one having a maximum radius of curvature at P and the other a 
minimum. These two are called the principal radii of curvature at P. 

radius of gyration The moment of inertia I, of a body of mass m about a 
given axis can be expressed in the form J = mk?, k being the radius of 
gyration about the axis. 

radius vector (astr.) A line drawn from a central body (the focus) to a planet 
in any position in its orbit. 

radius vector (math.) The Position of any point P in space with respect to a 
given origin O may be completely defined by the direction and length of 
the line OP. This line is called the radius vector of the point P. See polar 
coordinates. 

radix A number that forms the base of a system of numbers, logarithms, etc., 
e.g. the zadix of the binary notation is 2. 

radon Rn. Radium emanation, niton. Element. At. No. 86. The most stable 
isotope, radon-222, has a half-life of 3.825 days. It is a naturally occurring 
radioactive gas, produced as the immediate decay product of radium. Chem- 
ically it is a member of the inert gases. 
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raffinate A refined liquid, especially an oil after its soluble components have 
been removed by solvent extraction. 

raffinose Melitose. C,gH30,¢.5H,O. A colourless crystalline trisaccharide, 
m.p. 80°C., that occurs in beet sugar but does not have a sweet flavour. 

rainbow A colour effect produced by the refraction and internal reflection of 
sunlight in minute droplets of water in the air; the effect is visible only 
when the observer has his back to the Sun. See spectrum colours. 

r.a.m See relative atomic mass. 

Raman effect When monochromatic light passes through a transparent medium, 
some of the light is scattered. If the spectrum of this scattered light is 
examined, it is found to contain, apart from light of the original wave- 
length, weaker lines differing from this by constant amounts. Such lines are 
called Raman lines, and they are due to the loss or gain of energy expe- 
rienced by the photons of light as a result of interaction with the vibrating 
molecules of the medium through which they pass. With the use of a laser 
as the monochromatic source, Raman spectroscopy has been used to deter- 
mine molecular structure and in chemical analysis. Named after Sir C. V. 
Raman. 

ram jet Atherodyde. A simple type of aerodynamic reaction propulsion system 
in which thrust is obtained by the combustion of fuel in air, compressed 
only by the forward speed of the vehicle. A ram jet is also known as a 
‘flying drainpipe’ as it consists essentially of a long duct into which fuel is 
fed at a controlled rate. However, the air intake and exhaust gas outlet 
need to be correctly designed in order to achieve maximum efficiency of 
the combustion process in that part of the duct that serves as a combus- 
tion chamber. The shape of the duct will depend upon whether or not the 
vehicle is intended to be supersonic. A ram jet has to be launched at high 
speed and cannot take off unaided from rest. See also pulse-jet. 

Ramsden eye-piece An eye-piece consisting of two plano-convex lenses (curved 
surfaces inwards) of equal focal length f, and separated by a distance of 2/7 
3. The eye-piece has low spherical aberration, is fairly achromatic and is 
very useful when cross-wires or a scale are desired in the eye-piece. Named 
after Jesse Ramsden (1735— 1820). 

random sample A sample taken in such a way that every individual, object, or 
component comprising the group, set, or mass to be sampled, has an equal 
probability of forming part of the sample. 

Rankine temperature ^R. The absolute Fahrenheit scale. Zero degrees Rankine 
is  —459.67^F. and therefore °F + 459.67 = ^R. Named after 
W. J. M. Rankine (1820-70). 

Raoult’s law When a solute that does not dissociate in solution is dissolved in 
a solvent to form a dilute solution, then (1) the ratio of the decrease in 
vapour pressure to the original vapour pressure is equal to N,/N2, N, and 
N, being the total numbers of molecules present of solute and solvent 
respectively; or, alternatively (2) the elevation of the boiling péint of the 
Solution above that of the pure solvent is proportional to N,/N5; or (3) 
the depression of the freezing point of the solution below that of the pure 
solvent is proportional to N,/Nz. Named after Francois Raoult 
(1830— 1901). 
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rapeseed oil See colza oil. 

p rare-earth elements See lanthanides. 

rarefaction A reduction in pressure. The o] 

rare gases See inert gases. 

raster The pattern of lines that scan the fluorescent screen of a cathode-ray 
tube in a television receiver. . 

ratio The numerical relation one quantity bears to another of the same kind. 
E.g. 6 tons and 4 tons, and 30 and 20, are both in the ratio of 3:2. 1 

i: rationalized units Units of measurement, such as SJ units, in which the defini- 

tions conform logically to the geometry of system. Definitions involving 


< circular symmetry contain the factor 27; those involving spherical symme- 
« try contain 47. 


rational number (math.). A whole number, or a number that can be expressed 
as the ratio of two whole numbers. 


Tay The rectilinear path along which any radiation, e.g. light, travels in n 
direction from a point in the source of the radiation. It is loosely used 
denote radiation of any kind. 

Rayleigh Scattering See scattering. 


rayon Formerly ‘artificial silk’, the term is now restricted to two types of 
man-made cellulose fibres: (1) 


viscose rayon, made by forcing a solution of 
viscose through fine holes into a solution that decomposes the viscose ta 
give threads of cellulose, and (2) cellulose acetate rayon, made by forcing 4 
solution of cellulose acetate (cellulose ethanoate) through fine holes into 


É Warm air and allowing the solvent to evaporate, thus leaving threads of 
cellulose acetate, 


RDX.* See cyclonite, 


reactance X. A property of alternating current circuits that together with the 


resistance, R, makes up the impedance Z, according to the relation, 
i Z= (R? + x3, C 
2 If the circuit comprises the resistance, an inductance L, and capacitance 
all in series, the reactance is given by: 
X= oL- oC the 
equency (w = 2nf, f being the frequency of 


pposite of compression. 


where w is the angular fri 
alternating current ). 


l reactant A substance that takes 
s reaction, chemical See chemical reaction. 


reaction propulsion Jet propulsion. A form of aerodynamic propulsion in 
which a high-speed stream of gas (usually produced by combustion ) reacts 
upon the vehicle in which it was produced in accordance with Newton's 
t (third) law of motion, so that the yehicle is propelled through the medium 
E in which it is travelling. The lower the density of the medium, the higher 
; the efficiency of the Propulsion. Reaction propulsion is the only known 
method..of propulsion through space where there is no supporting medium, 


and it is upon this principle that rockets are Propelled. See also jet engine, 
ion engine. 


Part in a chemical reaction. 


reactive (chem.) Readily entering into chemical reactions; chemically active. 
reactive dyes Dyes that react chemically with the substances being dyed, to 
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form covalent bonds (see valency) with the atoms of the substrate. They 
are used for cellulose fibres. 

reactor (chem.) Any vessel in which a chemical reaction (especially industrial) 
is conducted. 

reactor (phys.) 1. A device for introducing reactance into an electrical circuit 
(e.g. a capacitor ). 2. See nuclear reactor. 

reagent A chemical substance used to produce a chemical reaction. 

realgar Natural red tetrarsenic tetrasulphide (arsenic(IT) sulphide), As4S4. 

real-time working A method of operating a computer as part of a larger sys- 
tem, in which information from the computer output is available at the 
time it is required by the rest of the system. 

Réaumur scale A remperature scale in which the melting point of ice is taken 
as O*R. and the boiling point of water as 80°R. Named after Rene Antoine 
Réaumur (1683-1757). 

reciprocal of a quantity 1 divided by the quantity; e.g. the reciprocal of 5 is 
1/5. 

reciprocal ohm See mho and siemens. 

reciprocal proportions, law of See chemical combination, laws of. 

recoil electron See Compton effect. 

rectangle A quadrilateral with right angles between all four sides. 

rectification (chem.) The purification of a liquid by distillation. 

rectification (math.) The process of determining the length of a curve. 

rectification (phys.) The conversion of an alternating into a direct current. See 
rectifier. 

rectified spirit Erhanol, usually obtained by fermentation on an industrial 
scale, and purified by fractional distillationto give an ethanol/water mixture 
containing 95.6% ethanol. 

rectifier (phys.) A device for transforming an alternating current into a direct 
current; it consists of an arrangement that presents a much higher resis- 
tance to an electric current flowing in one direction than in the other. See 
rectifying valve; crystal rectifier; barrier-layer rectifier; junction rectifier; semi- 
conductor. 

rectifying valve The thermionic valve used for rectification is the diode. The 
valve will pass current only when the anode is at a positive potential with 
respect to the cathode. Hence if an alternating potential is applied to a 
circuit containing such a valve, a direct current will flow through the circuit. 


For most purposes rectifying valves have now been replaced by semiconduc- 
tor diodes. 


rectilinear In a straight line; consisting of straight lines. 

rectilinear propagation of light To a first approximation /ight travels in 
straight lines. This is evident from the formation of shadows and other 
everyday experience; see, however, diffraction. 

r.d See relative density. ^ 

red giant A type of star; see stellar evolution. 

red lead Minium. Pb3O,. A bright scarlet powder, used as a pigment, in glass 
manufacture, and as an oxidizing agent. See lead oxides. 

redox exchanger Electron exchanger. A substance, usually a polymer, that can 
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“exchange” (ie. transfer) electrons, thereby effecting redox reactions, when 


in contact with reacting ions or molecules. Redox exchangers may also act 
as ion exchangers. See. ion exchange. 


redox reaction Oxidation- 
oxidizing agent is redu 
the transfer of electron 


reduction reaction. A chemical reaction in which an 
ced and a reducing agent is oxidized, thus involving 
ns from one atom, ion, or molecule to another. The 
‘redox potential’, is the potential required in a cell to produce oxidation at 
the anode and reduction at the cathode. This potential is measured relative 
to a standard hydrogen electrode, which is taken as zero. 


red shift 1. A Doppler effect in which the displacement of spectral lines 
towards the red end of the Spectrum observed in the light from certain 
galaxies is taken to mean that they are receding into space, as a conse- 
quence of the expansion of the Universe. 2. A gravitational effect, often 
called the Einstein shift, in which a similar displacement of spectral lines 
towards the red is caused by a gravitational field, as predicted by Einstein. 

reduced equation An equation of state of a gas in which the tempera 
Pressure, and volume are replaced by their reduced values. See reduce 
Temperature, pressure, and volume. 

reduced temperature, pressure, 
Sure, and the volume to the 
volume respectively. 


reducing agent A substance that removes o; 
another substance: in th 
See reduction. 


reductase An enzyme that promotes a reduction reaction. 


reduction The removal of Oxygen from a substance, or the addition of hydro- 
Ben to it. The term is also used more generally to include any reaction in 
which! an atom gains electrons, 3 

redundancy A term used in information theory: the amount by which the Mud 
of the information rate to its hypothetical maximum value falls belo 
unity; usually expressed as a percentage. 

Te-entry The position, time, or act of re-entering the EartA's atmosphere alter 
a journey into space. The ‘angle of re-entry’ is critical because of the ENS 
mous quantity of heat generated by a spacecraft as it enters the um 
phere. This heat is Benerated by friction between the atoms and molecu R 
of the atmosphere and the great speed of the moving spacecraft; it a 
normally absorbed by the heat shield. Too sharp an angle of re-entry Um 
cause the spacecraft to burn up, too oblique an angle would cause the 
Spacecraft to bounce off the atmosphere. 

refine Purify: remove the impurities from (sugar, metals, oil, etc.). h 

reflectance A measure of the extent to which a surface is capable of reflecting 
radiation, defined as the ratio of the intensity of the reflected radiation to 
the intensity of the incident radiation. 

reflecting telescope Reflector. See telescope. 

reflection, angle of The angle between a rdy of light reflected from a surface, 
and the normal to the surface at that point. ^ t 

reflection of light Certain surfaces have the property of reflecting or returning 


and volume Ratios of the temperature, the pn A 
critical temperature, critical pressure, and critic 


Xygen from, or adds hydrogen by 
€ more general sense, one that donates electrons. 
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rays of light that fall upon them, according to definite laws (see reflectance, 
reflection of light, laws of). 

reflection of light, laws of 1. The incident ray, the reflected ray, and the 
normal to the reflecting surface at the point of incidence lie in the same 
plane. 2. The angle between the incident ray and the normal (i.e. the angle 
of incidence) is equal to the angle between the reflected ray and the nor- 
mal (i.e. the angle of reflection ). 

reflector 1. Any surface that reflects radiation, particularly electromagnetic 
radiation (See also parabolic reflector). 2. A reflecting telescope. See rele- 
scope. 3. A layer of material (which may contain moderator ) surrounding 
the core of a nuclear reactor that reflects back into the core some of the 
neutrons that would otherwise escape. 

reflex angle An angle greater than 180° and less than 360°. 

reflex camera A camera that allows the photographer to view and focus the 
exact scene he is photographing. It incorporates a movable plane mirror to 
reflect the scene viewed by the camera Jens on to a groundglass screen. 
Some reflex cameras use a similar principle but have a separate lens for 
viewfinding. 

reflux condenser A condenser in which the vapour over a boiling liquid is 
condensed to a liquid, which flows back into the vessel, so preventing its 
contents from boiling dry. 

reforming A catalytic reaction in which straight-chain alkanes are converted 
into branched-chain compounds or aromatics. In some cases it involves 
catalytic cracking. It is used to produce petrol from crude oil. See. also 
steam reforming. 

refracting telescope Refractor. See telescope. 
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Figure 35. E: 


refraction, angle of The angle between the refracted ray and the normal to the 
surface at the point of refraction. See Fig. 35. 
refraction, laws of 1. The incident ray, the refracted ray, and the normal to. 
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the surface of separation of the two media at the point of incidence lie in 
the same plane. 2. Snell's law. The radio of the sine of the angle of inci- 
dence to the sine of the angle of refraction is a constant for any pair of 
media. See refractive index. Named after Willebrord Snell (1591—1626). 


refraction correction The small correction that has to be made to the 
observed altitude of a heavenly body due to the refraction of the light it 
emits or reflects by the Earth’s atmosphere. All bodies appear to be slightly 
higher than they actually are. 


refraction, laws of 1. The incident ray, the refracted ray, and the normal to 
the surface of separation of the two media at the point of incidence lie in 
the same plane. 2. Snell's law. ratio of the sine of the angle of incidence to 
the sine of the angle of refraction is a constant for any pair of media. See 
refractive index. Named after Willebrord Snell ( 1591-1626). 


refraction of light When a ray of light travels obliquely from one medium to 
another, it is bent or refracted at the surface separating the two media. The 
refraction occurs because light travels at slightly different velocities in differ- 
ent media; thus at the interface between media there is a slight change of 
wavelength. See Fig. 35. The Tay before refraction is called the incident ray; 
on being refracted it becomes the refracted tay. A line perpendicular to the 
refracting medium at the point where the incident ray enters it is the 
normal. Glass, water, etc., cause the incident ray to be turned towards the 
normal when the ray enters from a medium less optically dense, such as 
air. Similar considerations apply to wave motions other than light. 


Refractive 

indices 
Diamond 2.4173 
Glass 1.5-1.7 
Quartz (fused) 1.458 
Ethanol (at 25°C.) 1.359 
Water (at 25°C.) 1.332 
Carbon Dioxide (at 0°C. and 760 mm) 1.000450 
Air (at 0°C, and 760 mm) 1.000293 
Oxygen (at O?C. and 760 mm) 1.000272 


refractive index of a medium n. The ratio of the sine (see trigonometrical 
ratios ) of the angle of incidence to the sine of the angle of refraction when 
light is refracted from a vacuum (or, to a very close approximation, from 
air) into the medium. This is equivalent to the ratio of the speed of light in 
free space to that in the medium. As the refractive index varies with wave- 
length, the wavelength is taken as that for yellow light (sodium D-line. 
589.3 nm), unless otherwise stated. See refraction of light. Some typical 
values are given in the table. 


refractivity If the refractive index of a medium is n, its refractivity is defined 
as n —^l. The ‘specific Tefractivity’ is given by (n — 1)/p where p is the 
density of the medium; the ‘molar refractivity' is defined as the specific 
refractivity multiplied by the relative molecular mass. 


refractometer An apparatus for the measurement of the refractive index of a 
substance. 
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refractory (chem.) A material not damaged by heating to high remperatures. 
Such materials are made into bricks and used for lining furnaces, etc. 

refrigerant A fluid used in the refrigerating cycle of a refrigerator, usually 
consisting of a liquid that will vaporize at a low temperature (e.g. freon or 
ammonia ). 

refrigerating cycle The cycle of operations that takes place in a refrigerator. 
In the vapour-compression cycle, the refrigerant absorbs heat from the cold 
chamber and its contents, which causes it to vaporize; it is then pumped to 
a compressor after which it passes to a condenser, where it gives up heat 
and condenses back to a liquid; after passing through an expansion valve, 
it again passes to the cold chamber, thus constituting a continuous cycle. 
In the vapour-absorption cycle there is no pump, energy being supplied as 
heat. This type of refrigerator may therefore be used where there is no 
electrical supply. The refrigerant, usually an aqueous solution of ammonia, 
is moved round the circuit by a stream of pressurized hydrogen. In a 
generator, heat is supplied to the liquid aqueous solution causing it to 
vaporize. In the separator to which it rises, the ammonia separates from 
the water, passing to the condenser where it liquefies, giving off its latent 
heat. The liquid ammonia then mixes with hydrogen, which carries it 
through the evaporator in the cold chamber. The hydrogen and ammonia 
then pass to an absorber, where the water from the separator dissolves it 
before it passes to the generator again. 

regelation of ice The melting point of ice is lowered by increased pressure; 
therefore ice near its melting point is melted by sufficient pressure, and 
solidification or regelation takes place again when the pressure is removed. 

regeneratog A heat exchanger usually consisting of a chamber filled with 
bricks arranged in checkerwork. The exhaust gases from a furnace, and the 
cold air to be used in the combustion, are passed alternately through the 
chamber for specified periods. Heat from the exhaust gases is stored in the 
brickwork and transferred to the cold air, thus increasing the efficiency of 
the combustion process. 

relative aperture See f-number. 

relative atomic mass Atomic weight. The ratio of the average mass per atom 
of a specified isotopic composition of an element to 1/12 of the mass of a 
carbon-12 atom. The natural isotopic composition is assumed unless other- 
wise stated. The relative atomic masses of the elements are given in the 
appendix, Table 3. 

relative density (r.d.) Specific gravity. The ratio of the density of a solid or 
liquid at a specified temperature (often 20°C.) to the density of water at 
the temperature of its maximum density (4°C.). It is a pure number, but is 
numerically equal to the density in grams per cubic centimetre. The density 
in SI units (kg m~?) is 1000 times greater than the relative density. If the 
r.d. of a substance is less than 1 it will float on water, if it is greater than 
1 it will sink. The r.d. of gases is usually expressed with reference to air, 
both gases being at S.T.P. The table gives the relative densities of some 
common materials. The term has now replaced the older term, specific grav- 
ity (see specific ). - 

relative humidity The hygrometric state of the atmosphere can be defined 
either as: (1) the ratio of the pressure of the water vapour actually present 
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in the atmosphere to the pressure of the vapour that would be present if 
the vapour were saturated at the same temperature; or (2) the ratio of the 
mass of water vapour per unit volume of the air to the mass of water 
vapour per unit volume of saturated air at the same temperature. The 
numerical difference between the two is very small and can normally be 
neglected. The relative humidity is usually expressed as a percentage. Its 
value may be determined from a knowledge of the dew-point, since the 
saturated vapour pressure at the dew-point is equal to the aqueous vo 
pressure at the temperature of the experiment. The result is then obtaine 


by reference to tables, which give the saturated vapour pressure at different 
temperatures. 


THE RELATIVE DENSITY OF SOME COMMON MATERIALS 


Material rd. Material rd. 
Cork 0.24 Aluminium 2.7 
Pine 0.45 Diamond 3.5 
Oak 0.80 Titanium 4.5 
Water 1.00 Iron (cast) 6.9-7.5 
Brick 1.6 Steel 7.6-7.8 
Earth 1.9-2.1 Brass (cast) 8.1 
Cement (set) 2.2 Lead 11.3 
Granite 2.6 Mercury 13.6 
Marble 27 Gold 19.3 


relative molecular mass Molecular w 
molecule of a specified isotopic 
mass of a carbon-12 atom. It is 
masses of the atoms that make up y 

relative molecular mass determination The methods used to determine relative 
molecular mass include: measuring vapour density, depression of dreems 
point, elevation of boiling point, and osmotic pressure. These methods apply 
to soluble substances that neither associate or dissociate in solution. 

relative permeability See magnetic permeability. 

relative permittivity See permittivity. 

relativistic mass The mass 
to the speed of light. 
speed, v, is given by: 


eight. The ratio of the average mass per 
composition of a substance to 1/12 the 
equal to the sum of the relative atomic 
the molecule. 


of a body that is travelling at a speed comparable 
The relativistic mass, m, of a body travelling at 


m = mo(1 — y2/22) - 
where mo is the rest mass and c is the speed of light. 
relativistic mechanics The form of mechanics that replaces Newtonian mechan- 
ics for bodies travelling at relativistic speeds. t 
relativistic particle A particle that has a speed comparable to the speed o! 
light; i.e? a particle with a relativistic mass substantially in excess of its rest 
mass. 
relativistic speed A speed, apnroaching the speed of light, at which the effect 
of the theory of relativity is significant. Mise 1 
relativity, theory of A theory, formulated by Einstein, that recognizes the 
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impossibility of determining absolute motion and leads to the concept of a 
four-dimensional space-time continuum. The special theory, which is limited 
to the description of events as they appear to observers in a state of uni- 
form motion relative to one another, is developed from two axioms: (1) the 
laws of natural phenomena are the same for all observers, and (2) the speed 
of light is the same for all observers irrespective of their own speed. The 
more important consequences of this theory are (a) the mass of a body is 
a function of its speed (see relativistic mass ); (b) the mass-energy equation, 
E — mc?, where c is the speed of light; (c) the Fitzgerald-Lorentz contrac- 
tion appears as a natural consequence of the theory; (d) time has no abso- 
lute value (see time dilation). The general theory, applicable to observers 
not in uniform relative motion, leads to a novel concept of gravitation. In 
this theory the presence of matter in space causes space to 'curve' in such a 
manner that the gravitational field is set up. Thus gravitation becomes a 
property of space itself. The validity of the theory of relativity has been 
amply confirmed in modern physics. 

relay, electrical A device by which the electric current flowing in one circuit 
can open or close a second circuit and thus control the switching on and 
off of a current in the second circuit. Electrical relays may be mechanical 
switches operated by electromagnets, or they may be electronic switches 
based upon such solid-state devices as the thyristor, which have replaced 
the older thyratron valve. 

reluctance Magnetic resistance. The ratio of the magnetomotive force acting in 
a magnetic circuit to the magnetic flux. It is measured in henries ^ !. 

reluctivity The reciprocal of magnetic permeability. 

rem Roentgen equivalent man. The unit dose of ionizing radiation that gives 
the same biological effect as that due to one roentgen of X-rays. 

remanence Retentivity. The residual magnetic flux density of a ferromagnetic 
substance subjected to a hysteresis cycle when the magnetizing field is 
reduced to zero. 

rennet An extract of the fourth stomach of the calf, containing rennin. 

rennin An enzyme having the power of coagulating the protein in milk. 


resins Natural resins are amorphous organic compounds secreted by certain 
plants and insects; they are usually insoluble in water but soluble in various 
organic solvents. Typical natural resins are rosin and shellac. Synthetic resins 
were originally described as a group of synthetic substances whose proper- 
ties resembled natural resins. The term is now applied more generally to 
any synthetic plastic material produced by polymerization, although chemi- 
cally modified natural polymers, such as those based on cellulose or casein, 
are not usually classed as synthetic resins. 

resistance, electrical R. The potential difference between the ends of a conduc- 
tor divided by the electrical current flowing in the conductor. See Ohm's 
law. All materials except superconductors resist the flow of an electric cur- 
rent, converting a proportion of the electrical energy into heat. The extent 
to which a conductor resists the flow of a given current depends upon its 
physical dimensions, the nature of the material of which it is made, its 
temperature, and in some cases the extent to which it is illuminated. See 
photoconductive effect. The derived SI unit of resistance is the ohm, 
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resistance thermometer The electrical resistance of a conductor varies with tem- 
perature, normally increasing with rise in temperature, according to the 
relationship: 

: R = Ro(l + aT + bT?) € 
where R is its resistance at temperature T, and Rọ is its resistance at 0°C. 
(or some other reference temperature); a and b are constants. This forms 
the basis of a convenient and accurate thermometer, in which the tempera- 
ture is deduced from the measurement of the resistance of a spiral of à 
metal (usually platinum) in the form of a wire. See also thermistor. 

resistivity Specific resistance. A constant for any material equal to the recipro- 
cal of its conductivity. The resistivity, p equals RA/I where R is the resis- 
lance of a uniform conductor of length / and cross-sectional area A. It is 
usually expressed in ohm metres. 

resistor A device used in electronic circuits primarily for its resistance. The 
most common types are either "wire-wound', or made of finely ground car- 
bon particles mixed with a ceramic binder. F 

resolution of vectors The divison of vectors into components that act in speci- 
fied directions, usually perpendicular to each other. 


resolving power The ability of an optical System (e.g. microscope, telescope, the 
€ye, etc.) to produce separate images of Objects very close together. A 

resonance (chem.) Quantum-chemical Tesonance, mesomerism. The description 
of the structure of a molecule in terms of definite valence states of its 


‘resonance hybrid’) is described. See benzene ring. 


resonance (phys.). If, to a system capable of oscillation, a small periodic force 
is applied, the system is in general set into forced oscillations of sm: i 
amplitude. As the Srequency, f, of the exciting force approaches the natural 
frequency of the System, fo, the amplitude of the oscillations builds up, 
becoming a maximum when f= fy. The system is then said to be in 
Tesonance with the exciting force, or simply in resonance. 

Tesonance, nuclear Resonance is said to occur in nuclear reactions if the 
energy of an incident particle or photon is equal, or near, to the value of an 
appropriate energy level of the compound nucleus. Thus a resonance neutron 
is one whose energy Corresponds to a particular energy level of a nucleus 
that will readily absorb it, 

resonance neutron see resonance, nuclear. , 

Tesonant cavity A space enclosed by electrically conducting surfaces, in which 
electromagnetic energy may be stored or excited. The frequency of the oscil- 
lations ‘within a resonant cavity will depend upon its Physical dimensions. 

resonant circuit An electronic circuit containing resistance, inductance, and 
capacitance. If these elerients are in series (a series resonant circuit), 


resonance occurs when the impedance is 4 minimum, i.e. the impedance Z 
is equal to 
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R + i[eL — l/eC] 
and at resonance oL = 1/wC. Thus, at resonance the circuit has only 
resistance (w = 2f, where f is the frequency; R is resistance, L is induc- 
tance, and C is capacitance). 
In a parallel resonant circuit, the inductance and capacitance are in paral- 
lel and resonance occurs at maximum impedance, 
ie. when R? + o?L? = L/C, 

which is also often approximately when eL = 1/eC. In radio, resonant 
circuits are used to generate radio-frequency oscillations in transmitters and 
to selectively detect them in receivers. See also Q-factor. 

resorcinol Benzene-1,3-diol. C; H4(OH);. A solid dihydric phenol, m.p. 110°C. 
It is used in tanning and as an intermediate in the manufacture of resins, 
drugs, and other products. 

respiration Aerobic respiration is the process by which living organisms, or 
their components, take oxygen from the atmosphere to oxidize their food to 
Obtain energy. Anaerobic respiration is the process by which organisms or 
their components, obtain energy from chemically combined oxygen when 
they do not have access to free oxygen. Many organisms can respire anaer- 
obically for a short time only, but certain bacteria depend entirely on ana- 
erobic respiration. 

respiratory pigment A substance formed in blood cells or blood plasma that is 
capable of combining loosely and reversibly with oxygen, e.g. haemoglobin. 

respiratory quotient RQ. The volume of carbon dioxide expired by an organism 
or tissue divided by the volume of oxygen consumed by it over the same 
period, 

rest energy The equivalent of the rest mass of a body expressed in energy 
units, i.e. mgc?, where mo is the rest mass and c is the speed of light. 

restitution, coefficient of e. A measure of the elasticity of bodies upon impact. 
For two smooth spheres of a given material colliding, e is equal to the 
ratio of the relative velocity of the spheres along their line of centres imme- 
diately after impact to their relative velocity before impact. 

rest mass The mass of a body when at rest relative to the observer. The mass 
of a body varies with its speed (see relativity, theory of), a result of great 
importance when speeds approaching those of light are considered, e.g. in 
nuclear physics. See relativistic mass. 

resultant (phys.) A single force or velocity that produces the same effect as the 
two or more forces or velocities acting together. 

retardation (phys.) Deceleration. The rate of decrease of velocity or speed. 

retentivity See remanence. 

retina The membrane at the back of the inside of the eye that contains the 
rods and cones, which respond to light by sending impulses to the optic 
nerve. These impulses are sent by the optic nerve, where the visual image is 
formed. 

retort (chem.) 1. A glass vessel consisting of a large bulb with a Song neck 
narrowing somewhat towards the end. 2. In industrial processes, any vessel 
in which a chemical reaction or process takes place, especially distillation. 3 
In the canning industry, a large autoclave for heating sealed cans by super- 
heated steam under pressure. 
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retort carbon See gas carbon. 
retrograde motion See direct motion. 


retro-rocket A small rocket, forming part of a larger one, that produces thrust 
in the opposite direction to that of the main rocket with the object of 
decelerating it; e.g. to enable a lunar module to make a ‘soft’ landing on 
the Moon. ; 

reverberation time The time taken for a sound to fall by 60 decibels in an 
auditorium, i.e. to the limit of audibility from a value 10$ times this. 

reverberatory furnace A furnace designed for operations in which it is not 
desirable to mix the material with the fuel; the roof is heated by flames, 
and the heat is radiated down on to the material off the roof. 

Teverse osmosis A method of desalination in which brine and pure wafer are 
separated by a semipermeable membrane. The pressure on the brine side is 
raised to some 25 atmospheres, which causes water from the brine to pass 
through the membrane into the Pure water. The high pressure makes the 
process difficult to apply on a large scale. 

reversible process (in thermodynamics) A hypothetical process that can We 
performed in the reverse direction, the whole series of changes const tue 
the process being exactly reversed. A reversible process can take place o 
in infinitesimal Steps about equilibrium states of the system. In practice, 2 
real processes are irreversible. 

reversible reaction A chemical reaction that may be made, under suitable con- 
ditions, to proceed in either direction. See chemical equilibrium. 

Reynolds number (Re). A dimensionless quantity applied to a fluid flow. For 
a liquid flowing through a tube, 

(Re) = upl/n, 
where u = speed of flow, p = density of the liquid, / = the diameter of n 

tube, and 7 = the coefficient of viscosity of the liquid. At low speeds t 
flow of the liquid is Streamline. At a certain value of (Re), corresponding 3 
a critical speed uc, the flow becomes turbulent. The concept does not on 
apply to flow through pipes, it is also used in aerodynamics. Named afte! 
Osborne Reynolds (1842-1912), 

rhe The unit of Sluidity. The reciprocal of the Poise. 1 

rhenium Re. Element, R.a.m. 186.20. At. No. 75. A hard heavy grey metal, 
r.d. 20.53, m.p. 3180°C., b.p. 5627*C. It is,used in thermocouples and as 4 
catalyst, 

theology The study of the deformation and flow of matter. : 

rheopexy The acceleration of a thixotropic (see thixotropy ) increase of viscos- 
ity by gentle stirring. 4 d 

rheostan An alloy of 52% copper, 25% nickel, 18% zinc, and 5% iron that iS 
used for electrical resistance wire. y 

rheostat A variable electrical resistor. In a simple wire-wound rheostat a slid- 
ing contact moves along a coil of wire. f 

rhesus fáétor Rh factor. A group of antigens in the Ted blood cells of some 
humans (said to be Rh positive) but absent in some individuals (Rh nega- 
tive). If a Rh negative mother conceives a Rh positive foetus, anti-Rh 
antibodies may form in her blood, which could cause anaemia in subse- 
quent Rh positive foetuses. 
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rhodium Rh. Element. R.a.m. 102.905. At. No. 45. A silvery-white hard metal, 
r.d. 12.5, m.p. 1966*C., b.p. 3727°C. It occurs with and resembles plati- 
num. It is used in alloys, catalysts, and thermocouples. 

rhodopsin Visual purple. A complex organic compound formed in the rods of 
the retina of the eye. It makes the eye more sensitive in very dim light; 
lack of it causes night blindness. It is formed with the aid of vitamin A. 

rhombus A quadrilateral having all its sides equal. 

ry Scale A scale of hydrogen pressures that gives a measure of the strength of 
a reducing agent. The rj value is defined as logyg 1/[H], where [H] is the 
hydrogen pressure that would produce the same electrode potential as that 
of a given redox reaction at the same pH value. 

riboflavin Lactoflavin. Vitamin By. Cj; H559N4O0g. A water soluble substance, 
which is a member of the vitamin B complex. It forms part of various 
enzymes concerned with cellular respiration, it promotes growth in the 
young, and plays an important part in the health of the skin. 

ribonuclease An enzyme that catalyzes the hydrolysis of ribonucleic acid. 

ribonucleic acid RNA. Long thread-like molecules consisting of single 
polynucleotide chains. The sugar of the nucleotides is ribose, and the four 
nitrogenous bases that occur in them are the same as those found in deox- 
yribonucleic acid, except that uracil replaces thymine. RNA is the chief con- 
stituent, together with protein, of many types of virus, and it appears to be 
responsible for the self-replication of the virus. ‘Messenger’ RNA transmits 
the coded information contained by the chromosomes of the nucleus of a 
cell to the protein-making ribosomes of the cytoplasm. ‘Transfer’, soluble or 
t-RNA transfers the activitated amino acids on to the messenger RNA. 

ribose CsH, Os. A pentose, m.p. 95°C.; the dextrorotatory form is of great 
biological importance as it occurs in the nucleotides of ribonucleic acid. 

ribosomes Small granules (about 1075 metre in diameter) that occur in the 
cytoplasm of cells and are the sites of protein synthesis. 

Richardson equation Richardson-Dushman equation, The equation that relates 
the number of electrons emitted by a heated metal surface to the thermody- 
namic temperature, T, in thermionic emission. If the emitted current density 
is given by j, then 

j = AT? exp( -b/T), 
where A is a constant related to the surface properties of the metal and b is 
a constant equal to W/k; W is the work function of the metal and k is the 
Boltzmann constant. 

ricinoleic acid Cj; H35 OHCOOH. A yellow /iquid, b.p. 227°C., that occurs in 
castor oil and is used in the manufacture of soap. 

rigidity modulus See shear stress. 

ring compound (chem.) A chemical compound in the molecule of which some 
or all of the atoms are linked in a closed ring. See carbocyclic compounds; 
heterocyclic compounds. 

Ringer's fluid PAysiological saline containing sodium, potassium, ard calcium 
chlorides; it is widely used for sustaining cells or tissues during in vitro 
biochemical experiments. Named after Sydney Ringer (1835— 1910). 

RMS value See root-mean-square value of a variable. 

RNA See ribonucleic acid. 
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Rochelle salt Potassium sodium tartrate, potassium sodium 73 dibyorog 
ybutanedioate. COOK.(CHOH);. COONa.4H5O0. A white crystalline solu- 
ble salt, m.p. 70—80*C., that has piezoelectric properties. It is used for 
Piezoelectric crystals and in baking powder. " 

Rochon prism A device used for obtaining plane-polarized light (see polariza- 
tion of light) and in other related Problems. It consists of two prisms made 
of quartz, one cut Parallel to the optic axis and the other perpendicular to 
it. It is used for work with ultraviolet radiation. : 

rock In the scientific Sense, a rock is any distinct material present in the 
Earth's crust but, in distinction from a mineral, it need not have a definite 


need not necessarily be hard or Stone-like; e.g. clays are regarded as po: 
materials. Rocks are classified as igneous rocks, metamorphic rocks, or seat 
mentary rocks. 

Tock crystal A pure natural crystalline form of silica, SiO}. 


rocket A projectile driven by reaction propulsion that contains its own pr jer 
lants. A rocket is therefore independent of the Earth's atmosphere both w 


Tock salt Halite, Natural crystalline sodium chloride, NaCl. ial 

rod A photosensitive cell in the retina of vertebrate eyes. They are DE 
for vision in dim light and occur in the margins of the retina but not ic 
the fovea. Rods contain the pigment rhodopsin. Compare cone. See scotopi 
vision. Y 7 

Rodinal* A photographic developer consisting of an alkaline solution of 
aminophenol, NH2C6H40H, with sodium bisulphite, NaHSO3. x 

roentgen The amount of X- or 8amma-radiation that will Produce ions vane 
ing 2.58 x 10-4 coulomb of electric charge of either sign in 1 kg of dry 
air. Named after Willhelm Konrad Roentgen (1845-1923). 

Roentgen rays See X-rays. 

rongalite / compound of sodium sulphoxylate and methanal, NaHSO;.HCHO. 
It is used as a reducing agent in dyeing. 4 

root (math.) 1. One of the equal t prie or dece pus pd 

i actors, e.g. 9 = x -5; 

Guips M D NE uS a lbs er 
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may also be denoted by a fractional index; thus ¥/x = x!/?. 2. The root 
of an equation is a value of the unknown quantity that satisfies the equa- 
tion. 

root-mean-square value of an alternating quantit? If y is a periodic function of 
t, of period T, the root-mean-square (RMS) value of y is the square root of 
the mean of the square of y taken over a period. The RMS value J of an 
alternating current is important since it determines the heat generated (RI?) 
in a resistance R (see electric current, heating effect of). All ordinary AC 
measuring instruments give RMS values of current, etc. If the alternating 
quantity can be represented by a pure sine wave, the RMS value of the 
quantity A is related to the maximum value a of the quantity (i.e. ampli- 
tude) by the expression A = a//2. The RMS value of a current is also 
known as the ‘effective value of the current’. Similarly, the RMS value of 
an alternating E.M.F. is known as the ‘effective E.M.F.". 

root-mean-square yalue of a variable RMS. The square root of the average of 
the squares of a number of values, given by: 

RMS = (Sum of squares of the individual values of the variable)/(total 
number of values) 
See also root-mean-square value of an alternating quantity. 

Rose’s metal An alloy of 50% bismuth, 25% lead, and 25% tin; m.p. 94°C. 

rosin Colophony. A yellowish amorphous resin obtained as a residue from the 
distillation of turpentine. R.d. 1.08, m.p. 120°-150°C. It is used in 
varnishes, soaps, and soldering fluxes. See also ester gum. 

Rotameter* A device for measuring the rate of flow of fluids; it consists of a 
small float that is suspended by the fluid in a vertical calibrated tube. The 
weight of the float gives a measure of the rate of flow. 

rotary converter An alternating-current electric motor mechanically coupled to 
a direct-current generator. It is used for converting an AC supply into DC. 

rotary dispersion See optical activity. 

rotation The angular displacement of a body or line is the angle, 0 (in radi- 
ans), through which the body or line is rotated about a specified axis in a 
specified direction. The angular velocity, w, is given by d@/dr, where t is 
the time. The angular acceleration, a, is given by: 

a = dw/dt = d?0/d(7. 
The torque, T, causing an angular acceleration is given by T = Ja, where I 
is the moment of inertia of the body. 

rotor The rotating part of a turbine, electric motor, or generator. Compare 
Stator. 

rubber An elastic solid obtained from the /atex of the Hevea brasiliensis tree. 
Raw natural rubber consists mainly of the cis-form of polyisoprene, 
(CH;.CH:C(CH3):CH;),, a hydrocarbon polymer, with a relative molecular 
mass of about 300000. Nearly all rubber articles are made by ‘com- 
pounding’ raw rubber, i.e. mixing it with other ingredients and then vulcan- 
izing it in moulds by heating with sulphur and accelerators. — ^ 

rubber, synthetic A class of synthetic elastomers made from polymers or copol- 
ymers (see polymerization) of simple molecules. See butyl rubber, neoprene, 
nitrile rubber, styrene-butadiene rubber (SBR), silicone rubber, and stereo-reg- 
ular rubbers. 
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rubidium Rb. Element. R.a.m. 85.47. At. No. 37. A soft extremely reactive 
white metal resembling sodium. R.d. 1.53, m.p. 38.9°C., b.p. 688°C. It 
occurs in a few rare minerals. See also rubidium-strontium dating. 

rubidium-strontium dating A method of dating some rocks, used for specimens 
over 10? years old. It is based on the decay of the radioisotope rubidium-87 
(half-life 5 x 10'° years) to yield strontium-87. An estimate of the sam- 
ple's age is given by the ratio of the two isotopes. 

ruby A red form of corundum, ALbO;, that owes its colour to traces of chro- 
mium. It is used in /asers and as a gem stone. 

rules of Fajans Rules that describe the conditions determining whether an 
electrovalent or a covalent bond (see valence) will be formed between 
atoms. Fajans' rules state that an electrovalent bond will be replaced by a 
covalent bond if: (1) the charge on either of the ions resulting from an 
electrovalent donation of electrons is large (ie. if more than 1 or 2 elec- 
trons are donated); or (2) the volume of the cation is small or that of the 
anion is large. Named after Kasimir Fajans (born 1887). 

rust An hydrated oxide of iron, mainly Fe,03.H 0, formed on the surface of 
iron when it is exposed to moisture and air. 

ruthenium Ru. Element. R.a.m. 101.07. At. No. 44. A hard brittle metal, r.d. 
12.3, m.p. 2310°C., b.p. 3900°C. It occurs together with platinum. It is 
used in alloys and as a catalyst. 

rutile A crystalline form of natural titanium dioxide, TiO}. 4 

Rydberg constant A constant relating to those atomic spectra that are similar 
to the hydrogen atom Spectrum (see Balmer series). The Rydberg constant 
for hydrogen is 1.096 77 x 107 m-!, The general Rydberg formula is: 

VA = R(/n?- 1/m2), 
where R is the Rydberg constant and n and m are positive integers. The 
quantity R;hc, where h is the Planck constant and c is the speed of light, iS 
sometimes treated as a unit of energy called the rydberg, symbol Ry, such 
that Ry = 2.17972 x 10-18 joule, R; is defined as 
mee4/8e%h 3c, A 

where m, is the mass of an electron and e its charge; e, is the electric 
constant. Named after J. R. Rydberg (1854—1919). 
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Saccharide A simple sugar; a monosaccharide. 

Saccharimeter An apparatus for determining the concentration of a sugar solu- 
tion by measuring the angle of rotation of the plane of vibration. of 
Polarized light passing through a tube containing the solution. See optical 
activity; polarization of light. 

saccharin CCH,SO;CONH. A white crystalline sparingly soluble solid; m.p. 
227°C. When pure, it has about 550 times the sweetening power of sugar, 
but has no food value, and may have harmful effects if used to excess. It is 
manufactured from toluene, CgHsCH3; it is also used in the form of a 
sodium salt called ‘saccharin sodium’, Cs H4,COSO; NNa. 2H,0. 

Saccharometer A type of hydrometer used for finding the concentration. of 
Sugar solutions by determining their density; it is usually graduated to read 
the percentage of sugar direct. 

Saccharose See sucrose. 

Sacrificial protection The protection of ferrous metals against rusting by the 
use of a more reactive metal. For example, if galvanized iron is scratched so 
that the iron is exposed, it does not rust as the zinc ions go into solution 


before the iron ions. 

Safety glass Glass that has been treated so that it does not break or splinter 
on impact. Toughened glass is heat ‘treated by heating nearly to the soften- 
ing point, followed by controlled cooling. Laminated glass has a thin layer 
Of transparent plastic sheet between two sheets of glass. Wire glass has à 
Wire mesh built into it. 

Safety lamp Davy lamp. An oil-lamp that will not ignite flammable gases, e.g. 
methane (fire-damp). It has a cylinder of wire gauze acting as a chimney; 
the heat of the flame is conducted away by the gauze, and while fire-damp 
will burn inside the gauze, the temperature of the gauze does not rise suffi- 
ciently to ignite the gas outside. 

Safrole CH, :CHCH) C; H3 0; CH3. A yellowish crystalline substance, m.p. 
11.2°C., b.p. 234.5°C., used in the manufacture of perfumes, flavours, and 
Soaps. 

sal ammoniac See ammonium chloride, NH4CI. 

salicin CH; OHC H40C6 H105. A colourless soluble glucoside, 
used as an antipyretic and analgesic. 

salicylate A salt or ester of salicylic acid. 

salicylic acid 2-hydroxybenzoic acid. OH.C6 H4 COOH. A white crystalline 
solid, m.p. 159°C. It is used as an antiseptic and in the form of a deriva- 
tive as aspirin. s 

saline Containing salt, especially li 
‘saline solution’ is a solution of salts i 
with body fluids. 

salinometer A type of hydrometer used for determining the concentration of 
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m.p. 200°C., 


the salts of alkali metals and magnesium. A 
in water. especially one that is isotonic 


SALIVA 


salt solutions by measuring their density. Other types measure the electrical 
conductivity of the solution. 

saliva An alkaline aqueous liquid secreted by the salivary glands in response to 
chewing or the thought, sight, or smell of food. It contains the glycoprotein 
-mucin to lubricate the food's Passage through the oesophagus and the 
enzymes amylase and maltase to start the digestion of srarch. 

salt (chem.) A chemical compound formed when the hydrogen of an acid has 
been replaced by a metal. A salt is produced, together with water, when an 
acid reacts with a base. Salts are named according to the acid and the 
metal from which the salt is derived; thus sodium sulphate is a salt derived 
from sodium and sulphuric acid. 

salt, common See sodium chloride, NaCl. 


salt bridge A tube of potassium chloride in the form of a gel, used to connect 
two half cells without mixing the electrolytes. 

saltcake See sodium sulphate, Na5S0,.10H; O. 

salt effect See salting-out. 


salting-out Precipitation of a dissolved substance by addition of another (usu- 
ally a salt) that lowers its solubility; e.g. soaps can be salted-out by com- 
mon salt (sodium chloride) from solutions in water. 

saltpetre Nitre. See potassium nitrate. 


salts of lemon Potassium quadroxalate, KH3C40;.2H50. A white soluble poi- 
sonous crystalline salt, used for removing ink-stains. A 

sal volatile Commercial ‘ammonium carbonate’, actually consisting of a miX- 
ture of ammonium hydrogencarbonate, NH4HCO;, ammonium carbamate, 
NH40.CO.NH;, and ammoniuni* onate, (NH4),CO,. ^ 

samarium Sm. Element. Ram. 150:35.-At. No. 62. Rd. 7.536, mp. 1072°C» 
b.p. 1791*C. A soft Silvery metal used in nuclear reactors as a neutron 
absorber, in ferromagnetic alloys (e.g. SmCo;), and, in the form of its oxide, 
in some special optical glasses. See lanthanides. » 

sand Hard, granular powder, generally composed of granules of impure silica, 
SiO;. See also oil sand. 

sandstone A sedimentary rock formed from sand or quartz particles cemented 
together with clay, calcium carbonate, and iron oxide. z 

sandwich compound A complex in which an atom of a transition element is 
sandwiched between two substantially planar hydrocarbon molecules or 
groups containing pi bonds. Typical examples are ferrocene and its ana- 
logues. 

saponification The Aydrolysis of an ester; the term is often confined to the 
hydrolysis of an ester using an alkali, thus forming a salt (a soap in the 
case of some of the higher fatty acids) and the free alcohol, 

saponification number One of the characteristics of a fat or oil; the number ct 
milligrams of potassium hydroxide required for the complete saponification o! 
one gram of the fat or oil. : 

saponins Glucosides, derived from plants, that form a lather with water. They 
are used as foaming agents and SR * j numi 

ire A natural crystalline form of blue, transparent corundum camina, 
EOS the EXE ane due to traces of cobalt or other metals. 
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satelli : 
D podes that rotate in orbits round other bodies of greater mass under 
ae Hank of their mutual gravitational field. Particularly bodies, or 
See "en is pus around planets. E.g. the Moon is a satellite of the Earth. 
satellites, Were. artificial 
By the SER In 1957 the first man-made artificia! 
and Amer aR into orbit around the Earth. This, and subsequent Russian 
to ARMEN artificial satellites, have been used to obtain, and radio back 
Deu d dde concerning conditions prevailing in the upper atmos- 
htn nd the ionosphere. Valuable information has also been obtained 
Wc Es to cosmic rays, the density of matter and the frequency of meteors 
= P ce, the shape and magnetic fields of the Earth, and the nature of solar 
liations. As a result of the earlier American satellites the Van Allen radia- 


ti i 
ion belts were discovered. 


1 satellite was launched 


Communication' satellites are artificial Earth satellites used for relaying 
d the curved surface of the 


radi oe F 
mid television, and telephone signals aroun 

while « Passive’ satellites merely reflect the transmissions from their surfaces, 
al e ‘active’ satellites are equipped to receive and retransmit signals. See 

EE synchronous orbit. 
ins compound (chem.) A compound that does not form addition com- 
| ines a compound the molecule of which contains no double or multiple 

" a lence bonds between the atoms. Compare unsaturated compound. 

d solution A solution that can exist in equilibrium with excess of solute. 
€ saturation concentration is a function of the temperature. See also 
Supersaturation. 

sa Nc 

iip vapour A vapour that can exist in € 
Sed vapour pressure The pressure exerte 

S UTR is a function of the temperature. 

3 n 1. The characteristic of a colour that is determined by the degree to 
i ich it departs from white and approaches a pure spectral colour. 2. The 
^ ate of a ferromagnetic substance when all its magnetic domains are orien- 

ated in the direction of an external field and it cannot be magnetized 


quilibrium with its liquid. 
d by a saturated vapour. This 


Period (‘year’), 29.46 years. Mass, approximately 95.14 times that of the 
s Earth, diameter 120 800 kilometres. Surface temperature, about >150°C. 

aturn's rings Three concentric rings, probably. composed of ice particles or 

the remains of a broken-up satellite, which nd the planet Sat- 


urn, 
Sawtooth waveform A waveform in which the shape resembles fhexetl ona 
saw. The voltage builds slowly and linearly up to a maximum value and 
then falis perpendicularly to zero in each cycle. 
SBR See styrene-butadiene rubber. "n 
y defined when the magnitude is 


scalar quantity Any quantity that is sufficient: 
given in appropriate units. Compare vector. ~ 
Scalene (Of a triangle) having three unequal angles and sides. (Of a cone) 


having its axis inclined to its base. 
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SODIUM PHOSPHATES 


in air. It reacts with water 
used in bleaching and as an oxidizing agent. : 1 
sodium phosphates Three Principal compounds are called by this name. ) 
Sodium dihydrogenphosphate(V) (sodium dihydrogen orthophosphate 4 
NaH, PO4, a white soluble crystalline substance used in electroplating lm 
dyeing. 2. Disodium hydrogenphosphate(V) (sodium hydrogen orthop A 
phate), Na;HPO,, a white soluble crystalline substance used in dyes, feri (V) 
izers, detergents, baking Powder, and medicine. 3. Trisodium phosphate A 
(sodium orthophosphate) Na;PO,. 12H;0, a colourless soluble crysta 


ü $ er 
Substance used in detergents, and in the manufacture of paper and wat 
softeners. 


sodium silicate Na) SiO}. 
hold as “water-glass’ 
Paper and cement. 


sodium sulphate Glauber’s salt. Saltcake. NajSO,.l0H,O. A white sells 
crystalline salt. It occurs naturally as threnardite. It is used in the manufa 
ture of soap, detergents, and dyes. °C. 

sodium sulphide Na5S. An orange soluble deliquescent substance, m.p. 1180°C- 
used in the manufacture of soaps and dyes. d 

Sodium sulphite NajSO;. A white crystalline soluble powder, used as a foo 
Preservative, in bleaching, and in Photography. 


sodium tetraborate See disodium tetraborate. 


sodium thiocyanate NaSCN, A colourless deliquescent crystalline substance, 
m.p. 287°C., used in medicine. 

sodium thiosulphate Sodium hyposul; 
crystalline very soluble salt, used in Photography for fixing. 1 

sodium-vapour lamp A luminous discharge obtained by passing an electric cle 
rent between two electrodes in a tube containing sodium vapour at ae 
Pressure. It is used in street lighting as the characteristic yellow light is le: 
absorbed by fog and mist than white light. The pink light emitted Sune 
Starting up is caused by the small Percentage of neon added to warm t 
lamp up sufficiently for the sodium to vaporize. - 

soft iron Iron containing little carbon, as distinct from steel; iron that do 
not retain magnetism permanently, but loses most of it when the magn 
tizing field is removed. Ü 

soft radiation onizing radiation of relatively long wavelength and low penetra! 


ing power, as opposed to ‘hard’ radiation, which is of shorter wavelength 
and high penetrating power. 
soft soap See soap. 


Software The programs used in a computer, especially the general Dine 
supplied by the computer manufacturer. The ‘hardware’ is the actual eq! 
ment of the computer itself. » 

soft water Water that forms an immediate lather with soap. See hard go s 

soil -The “layer of inorganic weathered unconsolidated rock main UE 
matter, and water that covers most of the Earth. It is e Eres me 
plants grow. Soils vary enormously in their D die E. rk 
inorganic portion of a soil is composed of silicates ae SIS Free eiiad 
mainly of aluminium, but also of iron, calcium, magnesium, etc., 
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to give sodium hydroxide and oxygen gas. It is 


A white soluble crystalline salt, used in the b 
, in fireproofing textiles, and in the manufacture 


phite, hypo. NajS,0,.5H5O. A white 


add TANT 3 


SOLAR HEATER 


depending on the source. Organic matter 


(sand) and other inorganic matter, 
h of it is in the 


pue soil is mainly derived from decomposed plants; muc 
m of a black sticky substance known as humus. 


a See colloidal solution. 
solar 3 i 
Dod (battery) An electric cell that converts energy from the Sun into 
the rical energy. It usually consists of à semiconductor device sensitive to 
sili Photovoltaic effect; e.g. a p- semiconductor junction in a crystal of 
icon. They are used in artificial satellites and space probes to power elec- 


Ironic equi Se s 
ronic equipment. Individual solar cells are unable to deliver much more 
used in panels. See 


than 1/2W at about 1/2V. They therefore need to be ; 


also solar energy. 
solar constant The energy that would (in the absence of the atmosphere) be 
Teceived per second by an area of 1 sq metre placed at the mean distance 
of the Earth from the Sun and at right angles to the incident radiation, its 
EN is approximately 1400 J s~ ! m~? (2 cals min ^ ! em 72). 
t day The variable interval between two successive returns of the Sun to 
E meridian. The mean solar day is the average value of this. See time E 
ieasurement. 
Solar energy Energy from the Sun. Life on Earth relies almost entirely on 
Solar energy. It provides the energy needed for plant growth by photosyn- 
thesis and animals obtain their energy from plants and other animals. Fossil 
fuels also depend ultimately on photosynthesis. Hydroelectric power, wind 
Power, and wave power all depend on the Sun's energy through its influ- 


ence on the weather. 
: ihe amount of energy falling on 
olar constant. If all this energy cou 


the Earth from the Sun is given by the — - i 
Fai ld be harnessed, every inhabitant of the S 
di rth could burn 12000 2kW heaters continuously. But, in fact, very little - 
irect use has been made of solar energy- Broadly, there are two ways of T 
using solar energy directly. The thermal methods involve absorbing the i 


Sun's radiation on a metal plate and using the absorbed heat to raise the 
This is the principle of the domestic solar heater. J 


temperature of a fluid. 

Non-thermal methods use devices, such as solar cells, to produce electricity ' 

from sunlight. This is the method used in spacecraft, satellites, etc. In order 7 
Earth (domestically or = 


for Solar cells to be useful as a source of energy On 
industrially) their price would have to drop substantially to make them 
competitive with other energy sources. 
solar flares Short high temperature outbursts seen as bright areas in the chro- 3 
mosphere of the Sun. Jets of particles (known a5 the solar wind ) and strong 
astronomy ) are emitted 


radio frequency diations (see radio 
h sunspots and usually 


electromagnetic ra 
during solar flares. Solar flares are associated wit 
cause magnetic 


and radio disturbances on Earth. 
solar heater A domestic OF industrial heater that makes direct use of solar 
simplest form consists of a collector through which a fluid is 


energy. Th z s 
By i also contains some form of heat storage tank and an 


The collector usu: E 
black surface being enclosed behind glass sheets to make use of 
o 


Pipe sprouse effect. Solar heating systems can be ad: 
D e conditioning with winter heating. XS da peyddeisti 
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Seindium Sc. Element. Ram. 44.956. At. No. 21. Rd. 299, mp. 153968 
b.p. 2850°C. A rare metal that occurs in small quantities as the oxi 


sion camera, or a Screen in a cathode-ray tube, with an electron beam; (2) 
an airspace with a radar aerial: or more generally (3) any area or volume 
with a moving detector in order to measure some quantity or detect some 
object. 
scanning electron microscope See electron microscope. "E 
Scattering The deflection of any radiation as a result of its interaction. wit 
matter. E.g. the change in direction of a particle or photon on interacting 


i: 2 ; is 
‘inelastic’ (see Raman effect; Compton effect; Tyndall effect y; if ene 
not lost in this way the Scattering is ‘elastic’. This is known as Ray 


ng to diffraction phenomena, the particles 

as centres of radiation and each Particle scatters the light in all dirce HT 
In this type, the degree of Scattering is proportional to the inverse fou 3 
power of the wavelength of the light. Thus, blue light is scattered i 
greater extent than red. The blue colour of the Sky is due to scattering 
the actual molecules of the atmosphere. 1D 

Scheele's green A bright green precipitate, probably consisting of Copper, d 
arsenite, Cus(As0;), 2H50. It is used as a pigment and insecticide, Nam 
after Karl Wilhelm Scheele (174286). 

Scheelite A naturally occurring ore of tungsten, CaWO,. : dye 

Schiff's reagent A reagent used to test for aldehydes. It consists of the 2 
magenta, which has/been decolorized with sulphur dioxide Sa uper 
acid. Aldehydes oxidize the reduced form of the dye back to its origina 
colour. Named after Hugo Schiff (1834—1915). BETH nd TS Sib 

i ing fluid in whicl ere is rurbui i J 

en leren Oa CA ed because they have a Sues 
density and refractive index from the bulk of the fluid. These Tan can de 
Photographed using spark „photography, or other high speed photograp 
methods. 


Schmidt telescope (camera) A type of astronomical reflecting telescope consist- 
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SCHMIDT TELESCOPE 


PRIMARY MIRROR 


LIGHT 
RAYS 
T t 
CORRECTING PLATE CURVED 
PHOTOGRAPHIC 
SURFACE 


Figure 36. 


pe of a primary spherical mirror with a correcting plate at, or near, its 
ed * of curvature. This plate corrects for aberration, coma, and astigma- 
a m, enabling a wide area of the sky to be photographed with good defini- 
on. The instrument is not used visually but images are photographed on a 
Curved surface. See Fig. 36. Named after Bernhard Schmidt (1879-1935). 


Schottky defect See vacancy. 
chrödinger wave equation The wave equation used in wave mechanics to 
pee the behaviour of a particle in a field of force. It is based on de 
See concept that every moving particle is associated with a wave of 
RUM ength h/my (where A is the Planck constant and m and v are the mass 
ey of the particle). In three dimensions the equation has the 
S jl: Vy + (87?m/h? XE — uy = 0 
ere V? is the Laplace operator, V is the wave function, E is the total 
Na, and U is the potential energy of the particle, See also eigenfunction. 
amed after Erwin Schrödinger (1887-1961). 
Schwartzchild radius See black hole. 
Schweitzer's reagent A deep blue solution of a copper ammine in copper(II) 
hydroxide, Cu(OH);. A solvent for cellulose; it was formerly used for this 
Purpose in the obsolete cuprammonium process for rayon manufacture. 
Science The study of the physical universe and its contents by means of 
reproducible observations, measurements, and experiments to establish, ver- 
ify, or modify general laws to explain its nature and behaviour. 
scintillation counter A device in which /ighr flashes, produced by a scintillator 
(see phosphor ) when exposed to ionizing radiation, are converted into elec- 
trical pulses by a photomultiplier, thus enabling the number of ionizing 
events to be counted. 
vice for determining the energy distribution of a 


scintillation spectrometer A de 
given radiation. It consists of a scintillation counter that incorporates a pulse 


height analyser. 


scintillator See phosphor. 
sclerometer An instrument for measuring the hardness of a material, usually 


by measuring the pressure required to scratch it, or by measuring th 
e 
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SCLEROPROTEIN 


height to which a standard ball will rebound from it when dropped from a 
fixed height. See Mohs Scale and Brinell test, b 
scleroprotein A class of complex, insoluble, fibrous proteins, (e.g. keratin, colt 
gen, elastin) that occur in the surface coatings of animals and form t 
framework binding cells together in animal tissues. 4 
-scope Suffix applied to names of instruments for Observing or watching, usu- 
ally as distinct from measuring. E.g. telescope. 
scopolamine See hyoscine, 
scotopic vision Vision in which the rods in the eye are the principal receptor 
This type of vision occurs when the level of light is low and colours canno 
be distinguished. Compare photopic vision, Me 
Screen grid A grid placed between the anode and control grid of a thermionic 
valve, usually held at a fixed Positive porential. 
scruple 1/24 ounce Troy. See Troy weight. 
sea-floor spreading See plate tectonics. he 
sea-water The approximate composition (not including inland seas such as ae 
Dead Sea) is water, 96.4%; common salt, NaCl, 2.8%; magnesium Oe 
MgCl, 0.4%; magnesium sulphate, MgSO4, 0.2%: calcium sulphate, CaSO4, 
and potassium chloride, KCl, 0.1% each. lline 
Sebacic acid Decanedioic acid. HOOC(CH;)COOH. A dibasic crystal a 
fatty acid, m.p. 134.5°C., used in the manufacture of plasticizers and bor: 
secant 1. A straight line cutting a circle or other curve. 2. See trigonometric 
ratios. ? 
second 1. The S7 unit of time defined as the duration of 9 192 631 770 perum 
of the radiation Corresponding to the transition between two hyperfine 
levels of the ground state of the caesium-133 atom. Symbol s. 2. A mea 
sure of angle: 1/60 of a minute. 
secondary cell See accumulator. RERS 
secondary coil Secondary winding. The output coil of a transformer or indu 
tion coil. Compare primary coil. r 
secondary colour A colour, eg. orange, obtained by mixing two primary 
colours. Y ing 
Secondary emission of electrons When a primary beam of rapidly m ihe 
electrons strikes a metal surface, secondary electrons are emitted from ul- 
surface. The effect is of importance in the thermionic valve, the photom i 
tiplier, etc. In the thermionic valve, the emission Occurs when the eed f 
strike the anode, and may be suppressed or controlled in multi-electri s 
tubes (tetrode, pentode ) by various grids called the suppressor and scre 
grids. ` H 2 2 E 
second derivative (math.). The derivative of a derivative, written d x/dy*. i us 
acceleration (a) is the second derivative of displacement (s) with respec! 
time (1), or the first derivative of speed (v) with respect to time, ie, 
a= d?s/dt? = dv/dt. 
sector. Sce circle. n 
variation of m: tic declination If the Earth's magnetic North Pole is 
Jm to outer the geographical North Pole, completing a aoe 
in about 930 years, a representation of a steady variation of magnetic decli- 
nation, known as the secular variation, will be seen. Thus, the magnetic 
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SELENIUM RECTIFIER 


pronis in London is at present westerly, and decreasing until it is due 
c AE zero at the beginning of the twenty-second century. r 
Se llinenta rug that reduces nervousness and excitement. NI 
meats "td Rock formed by the accumulation and consolidation of sed- 
ne end eral sedimentary rocks are formed from chemical precipitates, 
DS exi ude coal and most limestone. Clastic-sedimentary rocks are formed 
existing rocks that have broken down into small particles as a result 


Eo attrition, etc, and been transported and redeposited elsewhere; these 
clude sandstone and clay. Compare igneous rock; metamorphic rock. 
luble solid from a liquid in 


om The process of separating an insol id 
Bed it is suspended by allowing it to fall to the bottom of the containing 
qi with or without agitation or centrifuging. 

beck effect If two wires of different metals or two semiconductors are 


id at their ends to form a circuit and the two junctions are maintained [ 
ifferent temperatures, an electric current flows round the circuit. Com- y* 
1831). 


ci Peltier effect. Named after T. J. Seebeck (1770 
ted Impfing. The addition of fine particles to a solution to induce crystal- 
i tion, Each particle (often a tiny crystal of the solute) acts as a nucleus 
Se Pon which the new crystal grows. 
Ber cone Pyrometric cone. A device for estimating the approximate femper- 
ature of a furnace; cones are made of materials softening at definite tem- 
Peratures and when inserted in the furnace give an indication of tempera- 
lure as they soften (ie. when the vertex of the cone is seen to droop). 


Named after Hermann Seger (d. 1893). 


pant See circle and sphere. 

eee An instrument for recording earthquake shocks. f 
ismology The scientific study of earthquakes and the phenomena associated à 
with them. 

selenate A salt or ester of selenic acid. 

Selenic acid H;SeO4. A strongly corros! 
Properties resembling those of sulphuric acid. 


Selenide A binary compound of selenium. 
Selenium Se. Element. R.a.m. 78.96. At. No. 34. It is a non-metal resembling * 


sulphur in its chemical properties. R.d. 4.81, m.p. 217°C., b-p. 684.9°C. It F; 
exists in several allotropic forms. The so-called ‘metallic’ selenium, a silvery- 
grey crystalline solid, is a semiconductor that varies in electrical resistance 
on exposure to light and is used in photoelectric cells. Selenium occurs as ; 
selenides of metals, together with their sulphides; it is used in the manufac- / 

ture of rubber and of ruby glass. A 
Selenium cell 1. A photoelectric cell consisting of a layer of selenium covered i 

by a thin transparent layer of gold. Light falling on the cell produces a 

voltage by the photovoltaic effect. 2. A photoelectric cell in which a sele- 
nium element changes its resistance on exposure to light. An external 
E.M.F. is applied to the element and the current produced is a füeasure of 
the intensity of the light. Thus this type of cell relies on the photoconductive 


effect. E 
selenium rectifier A rectifier that consists of alternate layers of iron and sel 
nium in contact. i 


ive crystalline acid, m.p. 58°C., with 
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aie r a ve- 

selenology The scientific study of the Moon, its nature, origin, and Mod 
ments. Now that samples of the Moon's surface are available for stu 1e 
Earth, selenology has become a branch of chemistry as well as astronol d. À 

self-absorption The decrease in the radiation from a radioactive M 
caused-by the absorption of a part of the radiation by the material i 2 

self-exciting (Of a generator) having magnets that are excited by curri 
drawn from the output of the generator. 

self-inductance The Coefficient of self-induction, 


self-induction The magnetic field associated with an electric current cuts We 
conductor carrying the current. When the current changes, so does the He 
netic field, resulting in an induced E.M.F. (See induction, electromagnetic 
This phenomenon is called self-induction. The induced E.M.F. (E) 13 P 
portional to the rate of change-of the current, the constant of propor tont 
ity being called the the self-inductance. Thus, E. = - LdJ/dt where Iis dic 
instantaneous current and L is the self-inductance. The minus sign in 


i of 
cates that the E.M.F. opposes the change in the current. The mg 
the self-inductance is a function only of the geometry of the elec! 
Circuit and can be calculat 


3 it of 
ed in a few simple cases. The derived S/ unit 
inductance is the henry. 


z f T ith rising 
semiconductor An electrical conductor whose resistance decreases with cuallic 
ce of impurities, in contrast to normal m 


of which at the absolute 
as all the valence electrons 


side: 
st the field resulting in so called n-type conduce 
oles is more complex, but they may be regardo 
move about the crystal giving rise to p-type SH zu 
passed by such an intrinsic semiconductor is t 


5 2 si m jers (see 
defects, dislocations, and impurities that will produce additional carriers ( 
extrinsic semiconduci 


in controlled quanti 


trons of the impurity atoms determining whether the majority QD »u 
be p- or n-type. A p-n semiconductor junction is formed when t ae Ae 
change along the length of a crystal from one type of nor Me 
Other. At a P-n junction an internal electric field is created etw EM 
charged’ impurity ions of the two types. This field is sufficient to p en 
the drift of electrons from the n-side to the p-side of the junction, s E 
drift of holes in the Opposite direction. If an external positive voltage 
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tendenc tk B A E TN 
dency of the majority carriers on each side to migrate to the other side: 


a Rete of the current will depend upon the applied voltage. Revers- 

toi ESÉ Sree increases the effect of the internal field and the only current 

erica 2 be the small number of minority carrier electrons on the p-side 
fom end to the n-side; similarly minority carner holes will be carried 
does Bee 18 to the p-regions. The reverse current is therefore small and 
efficient lepera upon the applied voltage. The -n junction is thus a very 
diode Y: rectifier and is widely used for this purpose (see semiconductor 

a ); it is also the basis of the transistor. 

Br conductor diode A semiconductor device, either based on à semiconductor 
J 3 tion or on point contact, with two electrodes. It is used for rectification. 

Semiconductor junction A plane that separates two 


on layers of a semiconductor 
SOR OT which have different electrical characteristics. For example, à p-n 
junction separates the p-region (in wi 


fr. hich Aoles are the majority carriers ) 
3 ra the n-region (in which electrons are the majority carriers). 
emimetal See metalloid. 


semipermeable membrane A membrane allowing the passage of some sub- 
Stances and not of others; a partition that permits the passage of pure 
solvent molecules more readily than those of the dissolved substance. They 
Often consist of a film of cellulose supported on a wire gauze. A semiper- 
meable membrane is used as a partition between solution and solvent in 


osmotic measurements (see osmotic pressure ) and in dialysis. 
alence bond in which two 


pe bond Coordinate bond, dative bond. A vi 

PER are donated by one atom (usually nitrogen or oxygen) to another 

í om, which requires both of them to complete its octet. This is equivalent 
© one electrovalent bond and one covalent bond (see valency) and is 
therefore called a semipolar bond. 

sensitization (phot.) Photographic silver bromide emulsions are sensitive only 
to short-wave visible light (violet and blue), so that light of longer wave- 

Isions for correct rendering of 


length (e.g. red, green) is not registered. Emu 

relative intensities of light of different colours (panchromatic ) in colour pho- 
tography, can be rendered sensitive to radiation in particular wavelength y 
ranges by the use of certain dyes, known as sensitizers, which absorb radia- L 
tion in these ranges (including infrared ) and are able to utilize the energy 


absorbed in the breakdown of the silver bromide. Cyanine dyes are particu- 
larly useful for this purpose. y 
Sensitometer An instrument for measuring the sensitivity of a photographic A 
plate or film (see photography )- E 
Separation energy The energy required to remove a particle (a proton or a 
neutron ) from a particular atomic nucleus. 
septavalent Heptavalent. Having à valence of seven. 
sequestering agent See chelation: sequestration. 
sequestration The process of ‘Jocking-up” metal ions in complexeseto make 
them ineffective. The sequestering agents used for this purpose are usually 
chelating agents. See chelation. A ` 
series (math.) A sequence of numbers Of mathematical expressions such that 
(he nth term may be written down in general form, and any particular : 
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term (say, the rth) may be obtained by substituting r for n; eg. x^ is the 
general term of the series 1, x, xd. x. 


3 . : -— in 
Series, resistances in If a number of conductors of electricity are em E 
series, ie. one after the Other, so that the current flows through eac 


Figure 37. 


turn, the total resistance is the su 
ductors. See Fig. 37. 


serine A white crystalline amino acid, m.p. 246°C., that occurs in many pro- 
teins. See Appendix, Table 5: 


H n- 
m of the separate resistances of the co! 


la 

Serpentine A group of magnesium silicate minerals with the general forma 

Mg; Siz Os (OH)4. It occurs in two main forms, the fibrous source of which 
tos, called chrysotile, or the mottled green and white antigorite, from wl 


serum The /iquid that remains after the clotting and removal of blood cells 
and fibrin from the blood; any similar body liquid. 


, i : o 19, 

sesame oil A yellow oil obtained from sesame seeds, m.p. —6°C., r.d. 0.9 
used in the manufacture of margarine and cosmetics. at 

5 3 p e 

sesqui- Prefix denoting that the elements in a chemical compound are pres 
in the ratio 2:3. om 

Sets A set is a group of objects or elements that have at least one V 
characteristic. If These Objects or elements are represented by my, m, E 
etc., then (mi, mj, m4...) = M is the way of writing that mj, m, 
etc. belong to the set M. NOTIS 

mı € M means that m, is a member of set M. If some of the PUE 

elements mj, m2, m3, etc. can be classified into a subset A, an et M) 
others into subset B, then A C M (rcad as subset A is contained in x E: 
and B C M (read as subset B is contained in set M). If, for examp! e 2 
belongs to both subsets 4 and B, then m; € A N B, means E Loa ^ 
member of subsets 4 and B, or m; belongs to the intersection of subs s 
and B. The mathematical theory dealing with relationships between sets i 
known as 'set theory’. " 

sexivalent Hexivalent, Having a valence of six. ; 

Sextant An instrument for determining the angle between two objects (e.g. the 
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SHELLS, ELECTRON 
hori CTRON 
ER and a star). It is commonly employed for determining the radius 

a à position circle. 
ds dark patch formed by a body that obstructs rays of light. A 

w cast by an object in front of a point source of light is a sharply 
BRIGHT 


LARGE 
SOURCE 


PENUMBRA 


Figure 38. 
defined area; a source of light of appreciable size produces two distinct 
regions, the umbra or full shadow, and the penumbra of half-shadow. See 


Fig. 38. 

Shadow bands A series of wavy shadow bands that fall across the Earth just 
before and after totality in a solar eclipse. It is due to differences in density 
of the atmosphere. 

Shale A consolidated laminated c/ay 
(see metamorphic rock ) shale. See 

Shear modulus See shear stress. 

Shear stress A combination of four forces, 
four sides of a square, producing two equal and opposite couples. The shear — 
strain is the resulting change in shape, usually expressed as the angle, in - 
circular measure, by which the square is deformed. The shear modulus (or - 
rigidity modulus) is the ratio of the shear stress to the shear strain. : 


Shellac A yellowish natural resim secreted by 


which is parasitic on certain trees native to i It 
of. several polyhydroxy organic acids (predominantly aleuritic acid, 
C)¢H3205, and shellolic acid, Cis H2006) together wi 


Shellac produces smooth, durable films from s 4 
iety of surfaces: jt is used in varnishes, 


dispersions, which adhere to a varii 
polishes, leather dressings, and sealing wax. Owing 
tion properties it is used in Micanite* (see mica ). 
shells, electron According to the interpretation of quantum mechanics, the 
electrons contained within an arom cirlce round the nucleus in orbits at —— 
various distances from the nucleus. These orbital electrons may be visual- y 
ized as forming 3 series of concentric shells: electrons in the same shell y 
have the same principal quantum number, n. The shells are designated b 
the letters KP (equivalent to values of n from 1—6) in order of increasi X 3 
distance Po joynücleus Lue number of electrons in each shell ie r 
Cestricted. (see Pauli's exclusion principle ), but each shell is capable of E A 
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» rock. Slate consists of metamorphosed 
also oil shale. t 


NEL. 


acting (in the simplest case) over — 


lu. 


SHERARDIZING 


i i ital 
Classified into sub-shells (or energy sub-levels) according to their on E 
: y their azimuthal quan 4 
number, /. The Separate sub-shells are distinguished by the letters H P 
and f (corresponding to values of / of 0, l, 2, and 3) Eg. an elec 


S.H.M See simple harmonic motion, 

shock wave A very Narrow region of high pressure 
air flow changes from 

shooting star See meteor. 


short circuit If a potential difference exists between two points A and B CF 
the terminals of an electrical supply), a system of conductors connec ee 4 
and B Constitutes a circuit. If now A and B are placed in contact, or Jol 63i 
by a conductor of much lower resistance than the rest of the circuit, m 


x ef be 
of the current will flow direct between 4 and B, which are then said to 
_ short-circuited or ‘shorted’, 


short sight See myopia, 
shower The Production by one high-energy 


in which 
and temperature in whic 
subsonic to Supersonic. See also sonic boom. 


- . P wing 
shunt, electrical A device for reducing the amount of electric crenlo EE 
through a piece of apparatus, such as a galvanometer. It consists ol 
ductor connected in parallel with the apparatus. 


s si in 
sial Rocks that form the Earth's crust below the continents. They are rich i 


H " arrier 
sideband The band of frequencies lying on either side of a riod ata e 
wave; the width of each sideband is equal to the highest modulating 
quency, t ^ 
side chain (chem.) An aliphatic radical or group attached to a straight eked 
to a benzene ring or other cyclic group in the molecule of p Pe CH, 
pound. E.g. in methylbenzene (toluene), C,Hs.CH3, the methyl group, 3 
is a side chain attached to a benzene ring. è > 
sidereal day» The period of a complete rotation of me pee D puo 
With respect to the fixed stars. It is 4.09 minutes s orter than 
day. 


Sidereal period of a planet The ‘year’ of a pea The actual period of its 
revolution round the Sun. See Appendix, Ta E 
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SILICATES 


ELS year See year. 
i i! T 
od Natural iron(II) carbonate, FeCO;. 
siemens T CODSISHDE, of metals (principally iron) an 
E e s unit of electric conductance defined 
called Dn. eeni that has a resistance of 1 ohm. 
Siemens S proce ohm or mho. Symbol S. Nam 
Sieme ( 323-83). 
pet process See open-hearth process. i 
abso n SI unit of dose equivalent. It is the dose equivalent when the 
fitter ed dose of ionizing radiation multiplied by a stipulated dimensionless 
i i gives 1 joule per kilogram. The dimensionless factors are stipulated 
me € International Commission on Radiological Protection. The former 
nit of dose equivalent, the rem, is equal to 107? sievert. Symbol Sv. 


si 
EE bond c bond. See orbital. 
e Particle X-particle. An elementary. particle classified as a Ayperon. It 
Xists in three charged states: positive, negative, and neutral. See Appendix, 


Table 6. 
si " 
i4 pile An assembly consisting of a neutron source and a moderator, with- 
ut any fissile material, which is used to study the properties of modera- 


tors, 
Sign, algebraical The plus or minus sign, + or -, indicating opposite senses 
A 9r directions; thus +5 is numerically equal, but opposite in sign, to -5. 
Significant figures The number of digits in a number, as a measure of its 
accuracy, i.e. the number of digits excluding zeros that indicate only the 
order of magnitude of the number. E.g. 7630 and 0.0675 each contain three 
» Significant figures, whereas 6075 contains four. E 
Silage A stored form of cattle-fodder produced by a limited fermentation of 
green fodder pressed down and stored in a pit. Lactic acid is formed dur- 


3 ing the process. 
silane Silicane, silicon hydride. SiH4. A colourless gas 
~112°C. It is used as a dopant for semiconductors, an 


Of the silicanes. 1 ; 

silanes A class of silicon hydrides of the general formula Si, Hzn +2, forming 

a homologous series analogous to the alkanes. The first member of the series 
is silane, SiH4, the second is disilane, Si; Hg, etc. They are less stable than 
the alkanes. There are no analogues to the alkenes or alkynes- — 

silica Silicon(IV) oxide, silicon dioxide. SiO. A hard insoluble white or col- 
ourless solid with à high melting point (1610-1713°C.). It is very abundant 
in nature in the forms of quartz, rock-crystal, fint, and as silicates in rocks. 

It is used in the form of a white powder in the manufacture of glass, 
ceramics, and abrasives. ee also silica gel. 

silica gel A form of silica, SiO2, with a highly porous structure-capable of 
adsorbing (see adsorption ) 40% of its weight of water from a saturated 
vapour. lt is used in gas g and as a catalyst support. slicane See 
silane. 

ili A vast range of compounds, salts of or derived from silici f 

ay be conveniently regarded as compounds of silica with eer 
oxides. Most of the Earth’s crust is composed of the silicates of calcium, 
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An important ore of iron. 2A 
d metallic compounds. 

as the conductance of a 
The unit was formerly 
ed after Sir William 


Sai EERE, Whos 
d is the first member 


SILICIC ACIDS 


aluminium, magnesium, and other 
cements consist largely of silicates. See also aluminosilicates. 

Silicic acids Various hydrated forms of silica, obtained in colloidal or gel form 
by the action of acids on soluble silicates in solution. E.g, metasilicic acid, 


H5SiO; (SiO;.H,O), and orthosilicic acid, H3SiO, (SiO, 2H, O), giving rise 
to the meta- and orthosilicates. 


metals. Various glasses, ceramics, and 


ydrogen by the action of sodium hydrox- 
on silicon. 


Silicon carbide Carborundum. SiC. A hard black insoluble substance, m.p. 
as an abrasive and in resistors required to withstand high 


temperatures, 
Silicon chip See integrated circuit. 
Silicon-controlled rectifier (SCR) A solid-state 


hydrocarbon radicals, They are now defined as 

polymeric (see polymerization ) organic siloxanes of the general type 

1 (R2SiO),. They are used as lubricants, for water-repellent finishes, high- 

Silicon tetrachloride SiCl4. A colourles 

making silicon compounds and smoki 

silk A thread-like Substance produced by the silkworm. It consists mainly of 
the proteins sericin and fibroin. 


Siloxanes A 
Stands for 


S fuming liquid, b.p. 57.57°C., used in 
escreens. 


Broup of compounds with the general formula R2SiO, where R 
an organic group or hydrogen. See also silicones. 
silver Ag. Element. R.a.m. 107.87. At. No. 47. A white, rather soft, extremely 
i malleable metal; rd 105° mp) 96193°C, bp. 2212 C. It occurs as the 

metal, and as argentite or silver glance, AgS; horn RUE AgCl; and other 

compounds. It is extracted by alloying with lead and then EH ating the 
lead by cupellation and Other methods. It is used in coinage an Jewellery; 
compounds are used in photography. 
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SIMPLE HARMONIC MOTION 


sily " 
er bromide AgBr. A pale yellow insoluble salt, m.p. 432°C., used in photog- 


raphy. 


Silvei * 
oae AgCI. A white insoluble salt, m.p. 453 C. 
rn silver (cerargyrite) and is used in photography 


that occurs naturally 
and antiseptics. 


sily. 
er glance See argentite. 


Silver jodi 
fer iodide Agl. A yellow insoluble salí, PY 558°C., 
a and is used in photography, medicine, am 
" uce artificial rain. 

Silver ni 
Pipe, Lunar caustic. AgNO3. A white soluble crystalline salt, m.p. 

si . It is used in marking-inks, medicine, and chemical analysis. 

i Fe Dating The process of depositing à layer of silver on the surface of 

si al articles, usually by electrolytic methods. See electroplating. 

d TR Rocks that form the Earth's crust below the oceans. They are rich in 
ds and magnesium, hence the name. Sima is denser and more plastic 

sial. 


that occurs naturally as 
d in seeding clouds to 


Figure 39. 


simple harmonic motion S.H.M. A point is said to move in simple harmonic 
motion when it oscillates along a line about a central point, O, so that its 
acceleration towards O is always proportional to its distance from O. Thus, 
if a point P moves in a circle, centre O'and radius /; witha constant 
angular velocity «e, the projection of P on any diameter will move in S.H.M 
If the distance from O of the projection of P on a vertical diameter is y. at 
time f, then a graph of y against ¢ will give a curve of amplitud Is y, at 
equation y = TS wt. (See Fig. 39.) An oscillator executing. SIM. E 


propagāi= sine wave through a medium, having the characteristics of hi 
s of tl 
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"SIMULTANEOUS EQUATIONS 


curve in the illustration, Th 


e equation of this curve may be rewritten in the 
more general form: 


y= rsin2z(t/T — x/X) , . é 

where T is the period of the wave, A its wavelength and x the distance it ha: 
travelled from O in time z, 

simultaneous equations A set Of equations in which the values of the variables 


will satisfy all the equations; if the equations contain n variables, then to 
obtain a solution there must be at least n equations. 


sine See trigonometrica] ratios. 
sine rule In any triangle: 
a/sinA = b/sinB = c/sinC, 
Where a, b, and c are the sides Opposite the angles A, B, and C. 


B metal particles into a coherent solid body. The process 
is carried out under heat, but 


the metal. Certain non-metals, 


sintered, 
sinusoidal Having the characteristics of a sine wave. See simple harmonic 
motion. 
B 
A 
c 
Figure 40. 


Siphon A bent tube used for transferring liquid from one rae to a lower I 
via a third level higher than either. If the shorter arm E En pie = 
tube fill with liquid is immersed below the liquid sur! S ES dej ee s 
40), liquid will flow from 4 to C through the tube. The reese TE PA 

its action on the fact that the pressure at A fending io the EDS Ch 
the tube is p — Pa» and the pressure acting upwards d P,, and P B 
7 Pac» where P = external atmospheric pressure, and P, ac are 
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olumns AB and AC respec- 


the pre: 
he pressures due to the weights of the liquid c 
ded BC is greater than AB. 


tively. 3 
SI Ex a flow from A to B will occur provi 
system pne International d'Unités. An internationally agreed coherent 
tific pu. Mss derived from the M.K.S. system, now in use for all scien- 

S E ES and thereby replacing the cgs. system and the fps. system. 
ampere (A PAG units are; the metre (symbol m), kilogram (kg), second (s), 
Steradian ), kelvin (K), mole (mol), and candela (cd). The radian (rad) and 
and s d are supplementary units. Derived units having special names 
(©, H ols are the hertz (Hz), newton (N), joule (J), watt (W), coulomb 
(Im), Jux M farad (F), ohm (Q), weber (Wb), tesla (T). henry (H), lumen 
(Gy). Di (Ix), pascal (Pa), siemens (S), becquerel (Bq), sievert (Sv), and gray 
prefix ecimal multiples are given in the following table (where possible a 
representing 10 raised to a power that is à multiple of three should 


be us 
used). See Appendix, Table 1. 


Factor Nameof Symbol 


Factor Nameof Symbol 
Prefix Prefix 

10 deca- da 107! deci- d 

10? hecto- h 10°? centi- c 

iD kilo- k 1077 milli- m 
108 mega- M 10% micro- n 
10° giga- G 10? nano- n 

US tera- T 107 pico- p 
i peta- P 10215 femto- f 

10 exa- E 107 atto- a 


sl 
katole CHN. A white soluble crystalline substance, m.p. 265*C. with a 


s 
trong odour, used in the manufacture of perfumes. 


Skip di c ra P 
p distance There is a minimum angle of incidence at t 
is not reflect 


y wave can 
y wave i 


by one of two paths: either 
or by reflection from t 
or ionospheric wave. 
al obtained during the sm 
molten mass floating on 


to receiving aerial 
(see ground wave » 
is called a sky wave 

slag Non-metallic materi 
generally formed as a 

slaked lime See calcium hydroxide. 

slaking The addition of water. 

slate A natural form of aluminium silicate formed from clay hatdened b 
pressure. YN 

slide rule A mathematical instrument used for rapi S Ne s A 
of a grooved ruler with a scale, with another Goan mae it consists 
inside the groove: Multiplication and division are carried ruler sliding 

Out by adding or 


an 


zelting of metallic ores; it is 
the molten metal. 


SLIDE RULE 


SLOW NEUTRON 


subtracting lengths on the two rulers, the divisidhs on which are in a 


logarithmic scale. Slide rules have been replaced by pocket calculators. 


slow neutron A neutron whose kinetic energy does not exceed about 10 elec- 
tronvolts. 

slug A unit of mass in the fp 
an acceleration of 1 ft/sec 
equal to 32.174 Ibs. 


slurry A thin paste consisting of a suspension of a solid in a liquid. 

smelting The extraction of a metal from its ores by a process involving heat. 
Generally the process is one of chemical reduction of the oxide of the metal 
with carbon in a suitable furnace. 

smectic crystals Liquid crystals in which the molecules are arranged in layers 
with their axes parallel and Perpendicular to the plane of the layers. See 
also cholesteric crystals; nematic crystals. 

smog A dark, thick, dust- and soot- 
meteorological conditions, pollutes 
and the lungs of their inhabitants. 


smoke A suspension of fine Particles of a solid 
consists mainly of fine Particles of carbon. 
Snell's law See refraction, laws of. 


SNG Synthetic natural gas. A mixture of gases, including hydrocarbons, 
hydrogen, and carbon monoxide, produced from coal and petroleum for use 
as a fuel, 


soap A mixture of the sodium Salts of stearic acid, C,7H3;COOH, palmitic 
acid, C\sH3,COOH, and oleic acid, C13H44 COOH; or of the potassium 
Salts of these acids (‘soft Soap’). Soaps are made by the action of sodium or 
Potassium hydroxide on fats, the Process of hydrolysis or saponification giving 
the soap, with glycerol as a by-product. The term soap is also applied to 


fatty acid salts of metals other than sodium or potassium, although such 
compounds are unlike the ordinary soaps. 


soda Any of yarious sodium compounds; washing soda, sodium carbonate, 


Na, CO .10H, 0; baking soda, sodium hydrogencarbonate, NaHCO}; caustic 
soda, sodium hydroxide, NaOH. 


Soda ash The common name for anhydrous sodium carbonate, Nay CO. 
soda-lime A solid 


mixture of sodium hydroxide, NaOH, and calcium UI 
Ca(OH), made by slaking quicklime (see calcium oxide) with a solution o! 
sodium hydroxide and drying by heat. 
soda nitre Caliche. Impure natural sodium nitrate. 


Soda water Water containing carbon dioxide, CO», under pressure; IEEE) 
the pressure lowers the solubility of the gas, and thus causes effe Dae ence 
Sodium Na. (Natrium.) Element. R.a m. 22.9898. ALNo. 1l. A soft silvery- 
white metal, r.d. 0.971, m.p. 97.5*C., bp. 892° C. It is Mee Goats 
nishing “rapidly in air. It reacts violently with aay orate Pd 
hydroxide and hydrogen gas. Compounds are very abundan salt) ee zh 
tributed; the commonest is.sodium chloride, NaCl ee OS Rent 
is used in the preparation of organic compounds and a: "ESSE 

types of nuclear reactor. 


-S. system defined as the mass that will acquire 
when acted upon by a force of 1 lb. 1 slug is 


laden, sulphurous fog that, under certain 
the atmosphere of some industrial cities 


in a gas; smoke from coal 
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SODIUM PEROXIDE 


sodium azide NaN;. A colourless crystalline substance, used in the manufac- 


ture of explosives. [t decomposes on heating. 

Sodium benzenecarboxylate Sodium benzoate. CgHsCOONa. A white soluble 
Powder, used as an antiseptic and a food preservative. 

Sodium bicarbonate NaHCO3. See sodium hydrogencarbonate. 

Sodium carbonate Washing soda. Naz CO3.10H)0. A white crystalline soluble 
salt, m.p. 850°C. It is used in the household, in the manufacture of glass, 
Soap, paper, and for bleaching. 

Sodium chlorates 1. Sodium chlorate(V). NaClO3. A colourless soluble crystal- 
ne substance, m.p. 248°C., used in the manufacture of explosives, as a 
Weedkiller, oxidizing agent, mordant, and antiseptic. 2. Sodium chlorate(I). 
Sodium hypochlorite. NaOCl. A white unstable crystalline solid, m.p. 
18*C., usually kept in aqueous solution. It is used in bleaching paper and 
textiles and as an oxidizing agent, antiseptic, and fungicide. 

Sodium chloride Common salt, salt. NaCl. A white crystalline soluble salt, m.p. 
801°C. It occurs extensively in sea water and as halite. It has many uses in 
Addition to its common use for seasoning and preserving food. 

Sodium cyanide NaCN. A white soluble deliquescent highly poisonous sub- 
ouo, m.p. 563.7°C., used in electroplating, case-hardening, and fumiga- 
ion, 

Sodium cyclamate CH; NHSO3Na. A white crystalline soluble powder, for- 
Merly used as a sweetening agent in soft drinks and for diabetics, but now 
banned from such use owing to possible side-effects. 

Sodium dichromate (bichromate) Na; Cr; O;.2H;O. An orange soluble crystal- 
line substance, m.p. 356.7°C. (after losing its water of crystallization. at 
100*C.), used as a mordant, corrosion inhibitor, oxidizing agent, and in elec- 
troplating. 

Sodium ethoxide Sodium ethylate. Co Hs ONa. A white Aygroscopic substance, 
Used in organic synthesis. 

Sodium fluoride NaF. A colourless crystalline substance, 
the fluoridation of water and as an insecticide. 

Sodium hydrogencarbonate Sodium bicarbonate. NaHCO}. A white soluble 
Powder, used in baking powder, fire extinguishers, and in medicine as an 
antacid. 

Sodium hydrogenglutamate Monosodium glutamate. MSG. HOOC(CH;); CH 
(NH;)COONa. A white soluble crystalline substance, used to intensify the 


flavour of foods. í ; 

Sodium hydroxide Caustic soda. NaOH. A white deliquescent solid, m.p. 
318.4°C., that dissolves in water to give an alkaline solution. It is used in 
the manufacture of soap, rayon, and other chemicals. 

sodium hypochlorite See sodium chlorates. 

Sodium nitrate NaNOs. A white soluble crystalline salt, m.p. 306.8°C., that 
occurs naturally as Chile saltpetre. It is used as a fertilizer and in the 
manufacture of nitric acid and explosives. 
ium perborate NaBO}.4H,0. A white soluble crystalline sub: 

ein used in bleaching and as a disinfectant. d stance, m.p. 


sodium peroxide Na505. A yellow powder, formed when sodium metal burns 
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m.p. 988°C., used in 


SOLAR PARALLAX 


solar parallax The angle subtended by the mean equatorial radius of the 
Earth at a distance of one astronomical unit. d 

solar prominences Large eruptions of luminous gas that rise several thousands 
of kilometres above the Sun's chromosphere. 

Solar system The system of nine planets- Mercury, Venus, the Earth, Mari 
Jupiter, Saturn, Uranus, Neptune and Pluto—together with their satellites ae 
the belt of asteroids revolving in elliptical orbits round the Sun. The orl e 
are nearly circular, and lie very nearly in the same plane. See Appendix, 
Table 4. 

Solar wind Streams of electrically charged particles (protons and electrons ) 
emitted by the Sun, predominantly during solar flares and sunspot activity. 
Some of these particles become trapped in the Earth’s magnetic field (ee 
magnetism, terrestrial) forming the outer Van Allen radiation belt, but Dm 
penetrate to the upper atmosphere where they congregate in narrow zones ! 


the region of the Earth's magnetic poles producing auroral displays (see 
aurora borealis ). 


solar year See year. 


solder An alloy for joining metals. Soft solders are alloys of tin and x a 
varying proportions, they melt in the range 200—300*C.; brazing sol ag 
are usually composed of copper and zinc, with melting points over 800 s 

solenoid A coil of wire wound uniformly on a cylindrical former, having al 
length that is large compared with its radius. When a current J is pibe 
through the solenoid, a uniform magnetic field H is produced inside the kie 
Parallel to its axis. If J is in amperes and n is the number of turns Pe 

metre,-H = nI amperes per metre. 4 

Solid (math.) A three-dimensional figure, having length, breadth, and thick- 
ness; a figure Occupying space or having a measurable volume. 


Solid angle The ratio of the area of the surface of the portion of a Sphere 
enclosed by the conical surface forming the angle, to the square of t 
radius of the sphere. See steradian. 

solidifying point The constant temperature at which a liquid solidifies under à 
given pressure, usually the standard atmosphere. 

solid solution A solid homogeneous mixture of two or more substances. Ep 
some alloys are solid solutions of the metals in each other, the process O! 
solution having taken place in the molten state. 


Solid state The Physical state of matter in which the constituent molecules, 


atoms, or ions have no translatory motion although they vibrate taboa S 
fixed positions that they occupy in a crystal lattice. A. solid is sai al 
Possess cohesion, remaining the same shape unless changed by EA 
forces. Certain solids are not crystalline, they are then said to be S R 
phous. A crystalline solid has a definite melting point at which it barona cd 
liquid; amorphous solids have no precise melting point, but when em 
become increasingly pliable until they assume the properties usually M dt 
ated with liquids, they may therefore be thought of as supercooled xi È 
solid-state physics Condensed-matter physics. The branch of Biysiesi tat r 
with the nature and properties of matter in the solid Sary e Pa 
often used to refer especially to the study of the properties of semic iv or 
fors and ‘solid-state devices’, i.e. electronic devices consisting entirely 
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SONIC BOOM 


S moving parts, gases, or heated filaments, e.g. semiconductors, 
c Ee integrated circuits, etc. 
Suh d Pains at which the Sun reaches its greatest declination North or 
E dic pona are situated upon the ecliptic half-way between the equi- 
essen ues at which the Sun reaches these points are 2] June and 21 
M bili , the summer and winter solstices, respectively. 
EL extent to which a solure will dissolve in a solvent. It is usually 
i sed in kilograms per cubic metre or moles per kilogram of solvent at 
Specified temperature. 
ze produt The product of the concentra 
bie a when in equilibrium with undisso 
ae electrolytes, the solubility product is °0) s 
S æ at a given temperature. When the solubility product for a given 
ompound is exceeded in a solution, some of it is precipitated until the 
Product of the ionic concentrations falls to the constant value. 
soluble Capable of being dissolved (usually in water ). 
solute A substance that is dissolved in a solvent to form a solution. 


Solution A homogeneous molecular mixture of two or more substances of dis- 

Similar molecular structure; the word is usually applied to solutions of 

solids in liquids. Other types of solutions include gases in liquids, the solu- 
bility of gases decreasing with rise in temperature; gases in solids; liquids in 
liquids; and solids in solids (e.g. some alloys), see solid solutions. 

solvation The combination of solvent molecules with molecules or ions of the 
solute. The compound so formed is called a ‘solvate’. 

Solvay process Ammonia-soda process. An industrial preparation of sodium 

carbonate gr washing-soda, Na; CO,.10H50, from common salt, NaCl, and 
calcium carbonate: CACOS -abyatne action of ammonia, NH3, and carbon 
dioxide (obtained by heating CaCO;) on a salt solution, the less soluble 
sodium hydrogencarbonate, NaHCO;, is precipitated. The action of heat on 
this compound gives the required sodium carbonate, while the ammonia is 
recovered from solution by the action of the lime (calcium oxide). Named 
after Ernest Solvay (1838-1922). 

solyent A substance (usually liquid) having the power of dissolving other 
substances in it; that component ‘of a solution that has the same physical 
state as the solution itself. E.g. in a solution of sugar 1n water, water is the 
Solvent, while sugar is the solute. 


solvent extraction See extraction. 
the body. Somatic cells are the cells of which the 


ed, as opposed to the reproductive or germ 
cells. See also ‘mutation. 2. The body as opposed to the mind: e.g. psycho- 
somatic medicine is the study of the influence of psychological factors upon 
physiological illness- A u 
sonar SOund NAvigation Ranging. apparatus for locating submer 
objects by transmitting à high-frequency sound wave and collecting Lud 
reflected waye. The time for the wave to travel to the object and 
gives an indication of the depth. ; return 
i The Joud noise created by the shock 
uf ock wave set up by an aircraft or 


sonin ie travelling at supersonic speeds. A b: 
w . A subsonic aircraft prod 
uces pressure 
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tions of the ions of a dissolved 
lved substance. For sparingly 
a constant for a given sub- 
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PA 
SORBENT 


waves ahead of itself, which travel at the speed of sound, and ‘clear a path 
for the oncoming aircraft. In supersonic flight the aircraft overtakes d 
pressure waves so that a shock wave cone is created with the nose of the 
aircraft at its vertex. In level flight the intersection of the shock wave cone 
with the ground produces a hyperbola, at all points along which the sonic 
boom is simultaneously experienced; subsequently the boom will be expe 
rienced at all points within the hyperbola’s path over the ground, 

sorbent Any agent used for Sorption. 


sorbite 1. The constituent of steel produced when martensite is tempered 
above 450°C., consisting of ferrite and finely divided cementite. 2. Sorbitic 
pearlite. The constituent of steel produced by the decomposition of austen- 
ite when cooled at a slower rate than will yield rroostite and a faster rate 
than will yield pearlite. 

sorbitol CH; OH(CHOH),CH 
alcohol, m.p. 110*C. (fo; 
trose; it is used as 
resins. 

Sorel's cement See magnesium chloride. 


sorption Adsorption (a surface process) or absorption (a volume process). Er 
term is often used when the mechanism of a particular process is nO 
known or is not specified. d 

sound A physiological sensation received by the ear. It is caused by a Xm 
ing source with a frequency in the range 20—20 000 hertz and is transmitte! 
as a longitudinal pressure wave motion (see longitudinal waves) through à 
material medium such as air. See also ultrasonics; infrasound. R 

sound, speed of The speed of propagation of sound waves (see wave motion ). 
This speed is a function of the temperature and of the nature of the propa- 
gating medium. In gases it is independent of the pressure. In air at 0°C. it 
is 332 metres per second or approximately 760 miles per hour. 

source The electrode in a field-effect transistor from which electrons or holes 
enter the inter-electrode space. 

Soxhlet extraction apparatus A device for extracting the soluble portion of any 
substance by a continuous circulation of the boiling solvent through it. 

space That part of the boundless four-dimensional continuum in which pala 
is physically (rather than temporally) extended. (See space-time.) More col- 
loquially, space (or ‘outer’ space) is that part of the Universe that lies 
beyond the Earth’s atmosphere, in which the density of matter is very low. 

spacecraft A vehicle capable of. travelling in space. 

space probe A rocket-propelled missile that has sufficient speed to escape rm 
the Earth's atmosphere. Space. probes are used for making measurements $i 
conditions within the solar system that cannot be made by terrestrial Quee 
vation. The measurements are made by miniaturized electronic qup 
within the probe, the results'of which are signalled back to Earth by a i5 
A Moor-probe, or Lunar-probe, is one intended to study the Moon and i 
environment. 

space-reflection symmetry See.parity. w T 

space-time The development of the theory of relativity has led i the disap 
pearance of a clear-cut distinction between a three-dimensional space 
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20H. A white crystalline sweet soluble polyhydri iG 
T the dextrorotatory compound ), obtained from as 
a sugar substitute and in the manufacture of syntheti 


SPECIFIC HEAT CAPACITY 

E time; in the modern view, space and time are considered as 

Elan. elded together in a four-dimensional space-time continuum. 
£s n A nuclear reaction in which a high-energy incident particle, or pho- 
ae es re several particles or fragments to be emitted by the target 
T . The mass number and atomic number of the target nucleus may 

us be reduced by several units. 

Spark See electric spark. 

Spark chamber A device for detecting 
spark counter’ consists of a pair of e 
ence between them, placed close together. 
anode and cathode it causes a spark and, at the moment of discharge, a 
measurable drop in the anode voltage. The passage of particles through the 
device is recorded photographically or electronically. The ‘spark chamber’ 
usually has several pairs of electrodes and is often filled with neon. 

Spark coil See induction coil. 

Sparking-plug A device for providing an elect 
ture of air and petrol vapour in the cyli 
engine. 

Sparking potential Sparking voltage. The di 
ase) required for an electric spark to pass 
QW. 


Spark photography Flash photography. Photography in which the source of 
usually of predetermined duration. Photographs 


light is an electric spark, 1 
are taken in the dark (or low light) and the camera lens is left open, thus 
the exposure time can be made very short and rapidly moving objects can 


be photographed. 

Sparteine Cj 5H26N2. A bitter colourless alkaloid, m.p. 30°C., used in medi- 
cine. 

special theory of relativity See relativity, 

specific When the adjective ‘specific’ is use n nsiv 
physical quantity, it implies ‘divided by mass’. E. specific heat capacity 1s 
heat capacity per unit mass. When the extensive quantity is denoted by a 

capital letter (e.g. V for volume ), the specific quantity is usually denoted by 


the corresponding small letter (v = V/m for specific volume ). In some older 
er meanings (e.g. specific resis- 


physical quantities the word has had oth 

tance), but such uses are now deprecated. See specific gravity. 
specific activity a. The activity per unit mass of a pure radioisotope; or the 

activity of a radioisotope in a material per unit mass of that material. It is 

expressed in disintegrations per second per kg. 


specific charge The electric charge to mass ratio of an elementary particle. 
of the density of a substance to 


specific gravity The former term for the ratio le 

that of water. As the word specific DOW has a different usage, the term 
relative density is now used for this concept. 5 

specific heat capacity Specific heat. C. Heat capacity divided by mass. The 
quantity of heat required to raise the temperature of unit mass of a sub- 
eee degree It is expressed in joules per kg per kelvin (SI units ), 
pe unis y per °C. (c.g.s. units), OT British thermal units per lb per 


radiation or elementary particles. A 
lectrodes with a high potential differ- 
If a particle passes between 


ric spark for exploding the mix- 
nder of the internal-combustion 


fference in potential (i.e. the volt- 
across a given gap. See Paschen's 


theory of. 
d before the name of an extensive 


379 


s 


Jobe A A - s 


SPECIFIC IMPULSE 


The two most important specific heat capacities of a gas are (l) E 
measured at constant Pressure, cp, and (2) that measured at constant Ms, 
ume, Cy. c, is greater than c, because when a gas is heated at cons fa 
Pressure it has to do work against the Surroundings in expanding. The E 
Cp/cy, usually denoted by y (gamma) varies from 1.66 for monatomic ga! 


to about 1.4 for diatomic Bases, and approximately 1 for other gases. The 


s EE in 
value of gamma therefore gives some indication of the number of atoms 
the molecules of a gas. 


Dudum ; " : i e 
specific impulse A term used in connexion with rockets. The ratio of th 
thrust produced to the rate of fuel consumption. 


specific latent heat See /aren; heat. 
Specific resistance See resistivity. 


Specific surface The total surface arca per unit mass of a given substance, ae 
a powder or a porous material. [t is usually expressed in m?kg ilable 
epresents the actual surface area availa 


for processes, such as adsorption, and may be very large for fine powders 


and highly porous substances. 


: ; ied 
Specific volume The volume, at a Specified temperature and pressure, occa 

by unit mass (usually 1 kg) of a substance. The reciprocal of the density. 
Spectral lines See /ine spectrum. 


Spectral series The emission spectrum of the atoms or ions of a gas s be 
analysed into one or more groups of frequencies (or wavelengths ), the ds 
quencies in each group forming a series. For example, the spectrum of t 
hydrogen atom possesses series given by the expression: 

f= K(1/ng? — 1/n?), 


Spectral types Spectral classes. The classification of stars based on the m 
trum of the light they emit. The system now used is the Harvard classific 
tion, which comprises seven types of star: 

O the hottest blue stars (helium lines dominant) 
B hot blue stars (neutral helium dominant) 

A blue white stars (hydrogen lines dominant) 

F white stars (metallic lines) 

G yellow stars (calcium lines dominant) 

K orange stars (some molecular bands) 

M coolest red stars (molecular bands dominant). 


Spectrograph 1. An instrument by which spectra may be phofograpak n 
photograph taken by means of such an instrument. See spectrograp 
ysis. 

E phic analysis An investigation of the chemical nature of a Mum 
by the examination of its Spectrum, using the fact that the pees aes x 
emission and absorption lines and bands in the spectrum c 
characteristic of it. 
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pectroheliograph An instrument used to photograph the Sun with light of a 
particular wavelength. 

E E 
pectrometer 1. A type of spectroscope So calil 
pe measurements of refractive indices. 

e energy distribution of a particular type of radiation, 
Spectrometer. 

E J 

B. ophotoRieler A photometer for comparing two 
y wavelength. 

Spectroscope An instrument for spectrographic analys 
Spectra. The simplest type is the prism spectroscope. This consists of a 
pemain which collects the light from the source and throws it onto the 
ace of a glass prism. The spectrum so formed, after refraction by the 
prism, is viewed through a telescope. The angle between the collimator and 
pe telescope can be varied. For ultraviolet radiation and infrared radiation a 
liffraction grating is used in place of the prism. 

e seen as two stars by 


Spectroscopic binary A binary star system that cannot b 
à telescope, but which show a Doppler effect in their /ine spectrum as these 


stars revolve about each other. See visual binary. 
Spectroscopy The study of matter and energy by the use of a spectroscope. See 
spectrographic analysis. 
Spectrum The result obtained when e! 


brated that it is suitable for the 
2. An instrument for measuring 
eg. a scintillation 


light radiations wavelength 


is or the observation of 


lectromagnetic radiations are resolved into 


their constituent wavelengths or frequencies. In the visible region (i.e. light 
waves) a well-known example is provided by the coloured bands produced 
gh a prism Or diffraction grating. (See spec- 
i diations are termed 


trum colours). Spectra formed from bodies emitting rai 


emission. spectra. When white light is passed 
of radiations of certain wavelengths or bands 


medium, selective absorption 

of wavelengths takes place; the spectrum of the transmitted light is called 
an absorption spectrum. A continuous spectrum is one in which all wave- 
lengths, between certain limits, t. A line spectrum is one in which 
only certain wavelengths or 'li ear. The emission and absorption 
spectra of a substance are fundamental characteristics of it and are often 
used as a means of identification. Such spectra arise as a result of transi- 
tions between different stationary states of the atoms or molecules of the 
substance, electromagnetic waves being emitted or absorbed simultaneously 
with the transition. The frequency f of the emitted or absorbed radiation is 
given by £i — E, = hf, where E, and E, are the energies of the first and 
second states respectively between which the transition takes place, and A is 
the Planck constant. When £, is greater than £5, electromagnetic waves are 
emitted; in the converse Case, they are absorbed. 

spectrum colours The colours visible in the continuous spectrum of white light 
These colours. their wavelengths and frequencies are given in the table. 
These are the colours seen in a rainbow. 4 

specular reflection Perfect or regular reflection of electromagnetic radiati 

Pigh. It occurs whenever the reflecting surface is flat "er Sle one 

length of the radiation incident upon it. matelyels 


um A reflecting mirror, especially a metallic mi 

m lecti rror (see spec: 

used in à refiecting telescope. Most telescopes now ae CR Ra metal) 
S mirrors. 
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Colour Wavelength/ Frequency/ 

of Light 1077 metres 10'^ hertz 

Red 6.470—7.000 4.634—4.284 

Orange 5.850—6.470 5.125—4.634 

Yellow 5.750—5.850 5.215—5.125 

Green 4.912-5.750 6.104—5.215 

Blue 4.240-4.912 7.115—6.104 

Violet 4.000-4.240 — 7.495—7.115 

Speculum metal An alloy 

reflectors. See speculum. 

speed The ratio of the distance covered to thi 

Speed in a specified direction is velocity. 
speed of. 


spelter Commercial zinc, about 97% Pure, containing lead and other impuri- 
ties. 


of 2/3 copper and 1/3 tin; used for mirrors and 


€ time taken by a moving body 
See also light, speed of; sound, 


p le gamete, four of which are derived by meiosis 
from a single spermatocyte. 


circle is a hemisphere; 
volume of a sphere havi 
spherical aberration See 


spherical coordinates Three-dimensional polar coordinates. A point in space 1s 
defined by the length of its radius vector and the angle this vector makes 
With two perpendicular planes. 

Spherical mirror See mirrors, spherical. 

Spherical triangle A triangle drawn on a spherical surface, bounded by the 
arcs of three great circles. The properties of such triangles differ from those 
of plane triangles; calculations relating to them form the purpose of spheri- 
cal trigonometry. 


spherical trigonometry Trigonometry 


| 
! 
that deals with spherical triangles. : l 

spheroid A solid figure generated by an ellipse rotating about is minor axis 


(oblate spheroid, a ‘flattened sphere’) or about its major axis (prolate sphe- 
roid, an ‘elongated sphere’). 


Spherometem An instrument for the accurate measurement of small thick- 
nesses, or curvature of spherical surfaces. aste 
. Spiegel Spiegeleisen. An alloy of iron, manganese, and carbon, used in 
manufacture of stee/ by the Bessemer process. T S P cs 
Spin A term of special significance in particle physics. Sub-atomic p. 
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ossess, in addition to other 


(electrons, neutrons, nuclei, mesons, etc.) may p 
energy due to the spinning 


pos of energy, such as energy of translation, 
the particle about an axis within itself. Quantum considerations limit the 


magnitude of the spin angular momentum of orbital electrons to two values, 
given by sh/2 (where h is the Planck constant ). For an electron, the spin 
quantum number, s, can have the values +%. The plus and minus signs 
indicate that the spin can be clockwise or anti-clockwise. For all baryons 
and leptons s is half integral (7% 13), but for mesons and photons it is 
integral (0, 1, 2). See Appendix, Table 6. 

Spinels A group of minerals having the general composition MO.R,0;, M 
being a bivalent metal (magnesium, iron(II) ion, manganese, zinc) and R à 

: fervalent metal (aluminium, chromium, iron(II) ion). See ferrites. 

Spiral galaxies Spiral nebulae. Galaxies in which the stars, dust, and gas 
clouds are concentrated in the arms of a spiral. Spiral galaxies are believed 
to have evolved from ‘elliptical’ galaxies. The Galaxy to which the solar 

s system belongs is also spiral in form. 

Spirans Spiro compounds. Compounds whose molecules contain two rings shar- 
ing à common atom. 

Spirillum A spiral-shaped bacterium. 

Spirits of salt A solution of hydrochloric acid. 

Spirits of wine See ethanol. 

Spiro compounds See spirans. 

Spontaneous combustion The comi 
cb results from the heat produced within the su 


bustion of a substance of low ignition point, 
bstance by slow oxida- 


a thin uniform film of a metal on to à 
de the cathode of a low- 


charge is set up by applying à volti 

and cathode. Metallic atoms 
on the surface to be coated. 
Sputter-ion pump See ion pump. f 
square 1. A quadrilateral having all its sides equal and all its angles right 
y is that quantity raised to the second 


angles. 2. The square of a quantit 


power, i.e. multiplied by itself. 
Square root See root. 
square wave A wave motion that alternates between two fixed values for equal 
lengths of time, the time of transition between the two values being negligi- 
ble compared to the duration of each fixed value. 
T n blem of constructing a si i 
anne circle The pro n g a square exactly equal in area 
o 5 Siven circle. The exact area of a circle cannot be determined, except in 
terms of 7 which cannot be expressed as an exact fraction or decimal 
y required degree of approximation can be obtained. The prob- 


]though any IE: 7 r 
mm therefore, 1S impossible of solution. H 
stabilization (chem.) The prevention of chemical decomposition of a substa 
nce 


py the addition of a ‘stablizer’ or ‘negative catalyst’. 
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& stalagmite The u 


STABLE 


stable (chem.) Not readily decomposed. " 

sapie equilibrium (Phys) A body at rest is in stable equilibrium if, when 
slightly displaced, it tends to return to its original position of equill 
If the displacement tends to increase, the body is said to be in unstal T 
equilibrium. Positions of stable equilibrium are positions of minimu 


ial 
Potential energy; those of unstable equilibrium are of maximum potentia 
energy. 


Stainless steel A class 
12%-20% chromium, 0. 
has many industrial and 
8% Ni, and 0.08%C). 

stalactite The downward 
roof of a cave b: 
also stalagmite. 


Of chromium steels containing 70%—90% Ad 
1%-0.8% carbon. As it neither rusts nor S 
domestic uses, especially as the alloy 18-8 (18%Ct, 


i he 
growth of calcium carbonate, CaCO 3, formed on x 
y the trickling of water containing calcium compounds. 


P te, 
pward growth from the floor of a cave of calcium carbonate, 
CaCO;; it is of the same nature and origin as a stalactite. 


stalagmometry The measurement of surface tension by determining the mass 
(or volume) of a drop of the liquid 


hanging from the end of a tube. 

Stalloy* Tradename for a steel containing 3.5% silicon, having low met, 
losses due to hysteresis. It is used in portions of electrical apparatus thal 
are subjected to alternating magnetic fields. 

Standard atmosphere See atmo, 


sphere. z 
standard cell A specially prepared primary cell, e.g. the Weston cell, character: 


ized by a high constancy of E.M.F. over long periods of time. The EME 
is a function of the fémperature, and in the Weston cell it decreases bY 
about 1 part in 105 per 1°C. rise. See also Clark cell. NOE 
standard deviation A measure, used in statistics, of the scatter of a series e 
numbers or measurements about their mean value. It is defined as ex 
Square root of the average value of the squares of the deviations from thet 
mean value. 
standard electrode See hydrogen electrode; calomel electrode. 
standard electrode potential See electrode potential. i 
Standard form A form in which large and small numbers are written so d 
only one digit appears before the decimal point, and the mát - 
indicated by multiplying by 10 raised to the appropriate power (ISTA 
large numbers and negative for small numbers) For example, de 
would be written in the standard form as 1.06452 x 10°; similarly 
0.000 106 452 would be written 1.06452 x 10-4 
standard temperature and pressure See s.t.p. - 
standing wave Stationary wave. A wave Produced by the simultaneous trans 
mission of two similar wave motions in opposite directions. In poorts 
standing waves are caused by interference between waves of the same fi i 
quency in such a way that the combined intensity varies between maxim: 
and minima over the region of piece degno edes 
stand oil A drying oil that has been thicken by heatin gas 
phere (@ithout ihe addition of driers). The thickening is due to polymeriza 
tion of some of the constituents Nee : 
Stannate A compound formed when tin(IV) oxide reacts with an alkali, 
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| stannic Containing tin in its +4 oxidation state, e.g. stannic chloride, tin(IV) 
chloride, SnCly. 

stannic acid See tin(IV) oxide. 

Stannous Containing tin in its +2 oxidation state, 
(II) chloride, SnCl;. 

| Stannum See (in. 

Starch Amylum. Polysaccharides consistin| 
in one of two forms: amylose and amylopectin. Most natural starches are 
mixtures of these two forms (e.g. potato and cereal starches are 20%-30% 
amylose and 70%-80% amylopectin). Starch is a white tasteless insoluble 
powder that on hydrolysis (by boiling with dilute acids, or by reacting with 
amylases) gives first dextrin and finally glucose. Starch is stored by plants 
in the form of granules and occurs in most seeds. 


Starch guin See dextrin. 

Stars Heavenly bodies of a similar nature to the Sun, ie. intensely hot, glow- 
ing masses that produce their energy by thermonuclear reactions. The near- 
est star to the Sun is over 4 light-years away; the other fixed stars visible to 
the naked eye are all members of the Galaxy and many of them are mem- 
bers of binary star systems. The stars are not uniformly distributed 
throughout the Universe, being grouped into enormous clusters called galax- 
ies. The nearest galaxy to ours is some 16 X 10 light-years away. See also 
Stellar evolution. 

Stassano furnace See electric-are furnace. 


Stassfurt deposits Natural deposits of several inorganic salts. The deposit con- 
Sists of Hec strata, of a t imated thickness of 800 metres. They are 


otal estim; 
à source of potassium and s 


odium compounds in 
of magnesium bromide, MgBr;.6H;O, and rock-salt. 
Stat- Prefix attached to t 


he name of electrical units to indicate the corre- 
sponding electrostatic unit 


(e.g. statcoulomb ). 
Statcoulomb The electrostatic unit of electric chi 
equal to 3.3356 x 10^ 10 coulomb. 
States of matter See physical states of matter. 
static electricity See electricity, 


static. 
statics A branch of mechanics; the mathematical and physical study of the 
der the 


behaviour of matter un action of forces, dealing with cases where no 


motion is produced. Compare dynamics. 


i bit. 
Stati orbit See synchronous orl 
Wai states A term used in quantum mechanics. If only certain energy 


total energy of a system are permissib! 
nergy levels for the are permissible, the 
values a zi vio be quantized. These levels are characteristic of the state of 
is EY tem; such states are called stationary states. A transition from one 
tationary state to another can only occur with the emission or absorption 
si ergy i the form of photons; i.e. electromagnetic radiation is emitted or 
of en E also internal conversion. " 
E wave See standing wave. 
stationary T à 
E mechanics Ine du of cue properties of large assemblies of parti. 
r components in terms o statistics. E.g. th ineti 
B. the kinetic theory of gases 


les i 
cas the molecules of a gas in terms of statistical mechanics. 
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e.g. stannous chloride, tin 


g of chains of glucose units arranged 


the form of carnallite; also 


arge in the c.g.s. System. It is 


STATISTICS 


statistics The collection and study of numerical facts or data and their E 
pretation in mathematical terms, with special reference to the theory O 
probability. 

stator The fixed part of any electric motor or generator that contains the 
stationary magnetic circuits. Compare rotor. 


Steady-state theory A theory in cosmology that postulates that the Universe 
has always existed in a Steady state, that the expansion of the Universe iS 
compensated by the continuous creation of matter, which is viewed as a 
property of space, and that despite local evolutionary processes, the Uni- 
verse as a whole is not evolving. The rate at which matter would have to 
be spontaneously created to compensate for the Universe’s expansion 
(about 10-43 kg m-3s-!) is far too low to be measurable and therefore 
evidence to support this theory has to be sought in other directions. If r 
could be established that the density of matter throughout the Universe 
does not vary with distance or time, this would support the steady-state 
theory rather than its main competitor the superdense theory. Radio astron- 
omy has been used to assess the density of matter at the most distant parts 
of the observable Universe in order to decide between these two theories. 


On the present evidence this theory has been discredited in favour of the 
superdense theory. 


steam Water, H,O, in the gaseous state; water above its boiling point. An 
invisible gas; the white clouds that are frequently termed ‘steam’ consist © 
droplets of liquid water formed by the condensation of steam. 

steam engine A machine utilizing steam power; either a steam turbine o 
urbine) or a reciprocating steam engine, consisting essentially of a cylin a 

which a piston is moved backwards and forwards by the expansion © 

steam under pressure. 

steam point The temperature at which the maximum vapour pressure of wu 
is equal to standard atmospheric pressure (see atmosphere ), ie. the nores 
boiling point. In the Celsius temperature scale the steam point is given 
value of 100°C. 

P i into 
steam reforming The process of converting methane from natural gar ee 
carbon monoxide and hydrogen as starting materials for organic synthesis, 

ie. 
CH, + H20 — 3H; + CO. " aei 
In this reaction the steam is heated to about 900°C. and the reaction takes 
place over a nickel catalyst. 
Stearate A salt or ester of stearic’ acid (octadecanoic acid ). 
Stearic acid See octadecanoic acid. 
stearin 1. See tristearin. 2. See stearine. 


stearine Stearin. A hard white waxy solid consisting mainly of stearic and 
palmitic acids. It is made by the saponification of natural fats. à 

stearoyl The univalent radical CH3(CH5);CO— (from stearic acid). ^5 

Steel Iron containing from 0.1% to 1.5% carbon in the form of cementite cron 
carbide Fe4C). The properties of different steels vary according me the p 
centage of carbon and of metals other than iron present, oe so accor 
ing to the method of preparation. Steel is prepared by the basic-oxygen, 
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open-hearth, and B i 
3 , essemer processes and in electric-arc furn 
stainless steel. VE ANS e 


st iehi ; 
ou A weighing-machine consisting of a long rigid bar, with a pan or 
at one end for taking the load to be weighed. The rod is pivoted 


Figure 41. 


| about a fixed point or fulcrum near the centre of gravity, which is fairly 
| near the end with the pan or hook. The other portion of the bar is gradu- 
ated, and a movable weight slides along this, the weight balanced by it 
from the centre of gravity. See Fig. 41. 
Stefan's law The total energy emitted per unit time from unit area of a black 
body is proportional to the fourth power of its thermodynamic temperature 
(see black-body radiation ). The constant of proportionality, Stefan's con- 
stant, = 56697 x 10-5 Wm-2K 5 It is also known as the Stefan- 
Boltzmann law and constant. Named after Josef Stefan (1853-93). 
stellar evolution According to current views stars evolve during We Couse af 
their history. It is thought that they are born from a condensation of gas 
(mostly hydrogen) called a prostar, which is compressed as a result of the 
gravitational field between the constituents. The compression is so great in 
the interior of the gas that thermonuclear reactions occur during which 
hydrogen is converted to helium (and possibly heavier elements ) with the 
evolution of energy. On a Hertzsprung-Russell diagram the stars remain on 
the *main sequence until they have consumed some 10% of their hydrogen. 
They then become red giants and consume their hydrogen at increased - 
rates so that eventually they contract and become white dwarfs. See also vw. 
novae and supernovae; 1 star; black hole. 
balt (358—805), chromium (158—405), tungsten 


Stellite* An alloy of co r a 
(0%-40%), and iron (0%-5%), that is hard and ? 


(10%-25%), molybdenum )%), : 

non-corroding; it is used for surgical instruments. 2 
step-rocket See rocker. : 

steradian The supplementary SI unit 

| encloses à surface on the sphere equ: 


l| sr. . 
stere A metric unit of volume; 
try Chemistry invo! 


being proportional to its distance 


of solid angle. The solid angle that 
al to the square of the radius. Symbol 


] cubic metre. 
ving consideration of the arrangement in space 
Af a molecule is considered as a*three-dimen- Ü 
sional entity in space, possibilities of stereoisomerism or space isomerism 
| arse; thus, à molecule consisting of four different radicals or at h 
a central carbon atom can exist in two distinct space aiias y 


attached (0:2. SEN A ; 
I one being a mirror image of the other. Such isomerism is associated 
S later 


ts. 
i DA optical activity. 
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stereoisomerism Isomerism caused by possibilities of different arrangement in 
three-dimensional space of the atoms within a molecule. resulting in two 
isomers that are mirror images of each other. See also cis-trans isomerism; 
optical isomerism; stereochemistry, 


Stereoregular Having a regular arrangement in space of the atoms and groups 
within a molecule. See stereoregular rubbers. 

stereoregular rubbers A group of synthetic rubbers manufactured by a solu- 
tion polymerization process using special catalysts that control the stereoiso- 
meric (see stereoisomerism ) regularity of the products. These materials can 
therefore be made to resemble closely the structure of natural rubber. In 
cis-1,4-polyisoprene, the structure of natural rubber is substantially dupli- 
cated, and this e/astomer can be used for many of the purposes that were 
the exlusive preserve of natural rubber. A similar product is cis-1,4 
polybutadiene, which is also used in place of natural rubber. See also ethy- 
lene—propylene rubber. 


stereoscope An optical device by which two-dimensional pictures are given 
the appearance of depth and solidity. 


stereospecific Having a particular arrangement in space of the atoms and 
groups within a molecule. See also tactic polymer. 

steric hindrance (chem.) The hindering or retarding of a chemical reaction, as 
a result of the arrangement in space of the atoms of the reacting molecules. 

steroids Derived lipids based on a four-fused-ring structure that include sfe- 
rols, the bile acids, certain hormones (including the sex hormones and the 


corticosteroid hormones produced by the adrenal cortex) and glucosides, 
and vitamin D. 


Sterols Derived lipids of the steroid 
cal examples. Sterols are 
play an essential part. 

stibine Antimony hydride. SbH3. A poisonous gas. 

stibnite Natural antimony trisulphide, Sb; S4. The principal ore of antimony. 

stilbene 1,2-Diphenylethene. CsHsCH:CHC,H;. A colourless insoluble sub- 
Stance, m.p. 124°C., used in the manufacture of dyes. 

stilboestrol (HO.C;H4.CH:). A white crystalline organic compound, m.p. 
171*C., used in medicine as an oestrogen. 


still A metal or glass apparatus used for the distillation of liquids. 

stimulated emission See maser and laser. 

stochastic process A process that has some element of probability in its struc- 
ture. 

stoichiometric A compound is said to be stoichiometric when its. VR Res 
elements are present in the exact proportions represented by its chemica 
formula. A stoichiometric mixture is one that will yield on reaction a um 
chiometric compound (e.g. two molecules of hydrogen and one molecule o 
oxygen constitute a stoichiometric mixture because they yield exactly two 
molecules of water on combustion ). Ya b 

stoichiometry The part of chemistry dealing with the composition of sub- 
stances; more particularly with the determination of combining proportions 
or chemical equivalents. “ 2994 br 

stokes C.g.s. unit of kinematic viscosity equal to the viscosity of a fluid in 
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group. Cholesterol and ergosterol are typi- 
present in many living organisms in which they 
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STEREOISOMERISM 


STRANGENESS 


deem divided by the density in grams per cubic centimetre. 1 centistokes = 

d m? s- !, Named after Sir George Stokes (1819—1903). 

ce law A small sphere falling under the action of gravity through a 

cous medium ultimately reaches a constant velocity equal to: 
=e v = 2gr*(dy - d;)/9n. 
ihe — radius of the sphere, dj — density of the sphere, d) = density of 
medium, and y = the coefficient of viscosity of the medium. 

Stopping power A measure of the ability of a substance to reduce the Kinetic 
energy of a charged particle passing through it. The ‘linear’ stopping power 
1S the energy lost per unit distance; the ‘mass’ stopping power is the linear 
stopping power divided by the density of the substance. Stopping power is 
often expressed relative to such standard substances as air or aluminium. 


rming part of some large parti- 


Storage ring A large evacuated toroidal ring, fo 
i are injected into the ring, 


cle accelerators. Partic 
Aare which they can be 
evices two beams of partic 


Sections of these two beams very 
interactions to be studied. The 300 metre diameter ri 


enables energies up to 1700 GeV to be obtained. 
Store A part of the hardware of a computer in which information is stored. 
The ‘random access’ store is one in which the access time for any stored 
information is approximately the same. A ‘high-speed’ store is à random 
access store with an access time measured in microseconds. If this high 
speed is not required, backing storage is used. 


S.t.p Standard temperature and pressure. Formerly N.T.P. (normal tempera- 
ture and pressure). A pressure of 1.01325 X 10>pascals (760 mmHg) and a 


temperature of 273.15 K (0°C.). These are the standard conditions for com- 


paring gas volumes. 


straight chain A Aydroca 
together in one long st 


made to circulate 


les circulate in opposite d 
high collision energies occur, enabling 
ng at CERN, Geneva, 


rbon molecule in which the carbon atoms are linked 
raight chain with no side chains attached. 


strain (phys.) When à body is deformed by an applied stress the strain is the 
ratio of the dimensional change to the original or unstrained dimension. 
The strain may be a ratio of lengths, areas, Or volumes. 
strain gauge, electrical A grid Ginger rests ance | WEE supported on a paper 
base, which is attached by 4 suitable adhesive to the surface under test, so 
that any strains set UP in the latter are accurately transferred to the gauge 
wire. The change of electrical resistance of the gauge is proportional to the 
strain, SO that methods of measuring resistance may be used for measuring 
strain. The gauge 1S suitable for measuring strains of the order of 10- ^ to 
10-2, Some strain gauges use a semiconductor element in place of wire 
o Work hardening. An increase in the hardness and v 
of à metal, due to cold working, that causes a permanent al tensile 
(distortion) of its Can structure. teration 
Certain hadrons (K-mesons and hy - 
yperons ) decay about 10!? times 


trange” h would b xpected h 
S slowly than oul e exp te from the large amounts of 
energy 


ore É 
eleased in the processes. These particles, which are c 
: / , alled 
pave been arbitrarily assigned a quantum number, s, to Hae ae 
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Strangeness. For ordinary particles (nucleons, pions, etc.) s= 0; each 
strange particle has a specific, integral value of 5, which is not equal to 0. 
In the quark model, strange hadrons are postulated to contain the strange $ 
quark (or its antiquark). Thus Strangeness is one of the basic properties of 
elementary particles. See Appendix, Table 6. 

Stratopause The boundary between the stratosphere and the mesosphere. 

stratosphere A layer of the atmosphere beginning approximately 11 kilometres 
(7 miles) above the surface of the Earth. Sec Fig. 44, under upper atmos- 
phere. 

Stratum A layer. 


streamline A streamline is a line in a fluid such that the tangent to it at every 
point is in the direction of the velocity of the fluid particle at that point, at 
the instant under consideration. When the motion of the fluid is such that, 
at any instant, continuous Streamlines can be drawn through the whole 
length of its course, the fluid is said to be in streamline flow. 

streptomycin C;1i H39N501,. An antibiotic produced by the Streptomyces fun- 
gus. It is effective against several types of disease bacteria, including some 
against which penicillin is inactive. 

Stress (phys.) A force per unit area. When a stress is applied to a body 
(within its e/astic limit) a corresponding strain is produced, and the ratio of 
Stress to strain is a characteristic constant of the body. See elastic modulus. 

Stroboscope An instrument with the aid of which it is possible to view objects 
that are moving rapidly with a periodic motion (see period) and to see 
them as if they were at rest. For example, if a disc, rotating at n revolu- 
tions per second, is illuminated by a source flashing at the same frequency, 
then at any particular flash the eye will see the disc in exactly the same 
Position as it was for the Previous flash. The disc will therefore appeat 
Stationary. If the frequency of the motion is not quite equal to that of the 
flashing, the disc will appear to rotate slowly. " 

Strong acid An acid, such as sulphuric acid, that is completely dissociated into 
ions in solution. Compare weak acid. 

strong electrolytes See electrolytic dissociation. 


Strong interaction An interaction that occurs between hadrons. It occurs only 
at very short range (about 10- !5metre) and is the force that holds the 
nucleons together in an atomic nucleus. The strong interaction is some 100 
times stronger than the electromagnetic interaction at this short range. The 
force between hadrons (sometimes called an exchange force) can be visual- 


ized as the exchange of virtual mesons between the particles (see virtual 
state ). 


STRATOPAUSE 


Strontia See strontium oxide. Strontium hydroxide is also sometimes known as 
strontia. . 
strontium Sr. Element. R.a.m. 87.62. At. No. 38. A reactive metal resembling 
calcium. R.d. 2.54, m.p. 769*C., b.p. 1384°C. It occurs as CIEN SES! 
and strentianite, SrCO;. Compounds colour a flame crimson and it is use 
in fireworks. The radioisotope strontium-90 is present in the fall-out from 
nuclear explosions. It presents a health hazard as it has a relatively long 
half-life of 28 years and, owing to its chemical similarity to calcium, can 

become incorporated into bone. See strontium unit. s 
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strontium hydroxide Strontia. S(OH);. A white deliquescent crystalline pow- 
der, m.p. 375°C., used in sugar refining as it combines with the sugar to 
form an insoluble saccharate. 

strontium nitrate Sr(NO3)2. A colourless crystalline substance, m.p. 570°C., 
used in fireworks and flares to give a bright crimson colour. 

strontium oxide Strontia. SrO. A grey amorphous powder, m.p. 2430°C., with 
similar properties to calcium oxide. It is used in the manufacture of stron- 


tium salts. 

strontium unit SU. A measure of 
organic medium (e.g. milk, bone, 
calcium in the same medium. 1 SU = 
gram of calcium. 

structural formula A chemical formula that in addition to showing the atoms 
present in a molecule, also gives an indication of its structure. E.g. the 


structural formula of benzene (Cg Hg) is given by the benzene ring. 


strychnine C,H 2N202- An alkaloid that occurs in the seeds of Strychnos 
nux vomica. It is a white crystalline substance, slightly soluble in water; 
m.p. 284°C. It has an intensely bitter taste and a powerful and very dan- 
gerous action on the nervous system. It is used in medicine in minute 


the concentration of strontium-90 in an 
soil, etc.) relative to the concentration of 
10-!? curie of strontium-90 per 


doses. 

Styrene  Phenylethene. C, Hs.CH:CH». A colourless aromatic liquid, b.p. 
146°C., that polymerizes to à thermoplastic material (see polystyrene ) and is 
used in the manufacture of synthetic rubber. See styrenebutadiene rubber. 

styrene-butadiene rubber SBR. A widely used, general purpose synthetic rub- 
ber. A copolymer (see polymerization ) of butadiene and about 35% of sty- 
rene, which is vulcanized in a similar manner to natural rubber. Properties 
are in general inferior to natural rubber, except for abrasion resistance, but 
passenger car tyres are made very largely from SBR. This elastomer is not 
suitable, howeve! 


r, for incorporation into heavy duty tyres. 
T In chemistry it was used to indicate either 
Sung . denoting under, below. 7 a 
Ec ue E entioned is present in a lower proportion than usual, e.g. 
suboxide, or that the compoun 


d is basic, e.g. subacetate. 
subatomic Consisting of particles smaller than, or forming a part of, the atom. 
See atom, structure oj- [ i 
subcritical Said of a nuclear reactor in which the effective multiplication con- 
stant is less than unity, and in which the nuclear chain reaction is therefore 


not self-sustaining cid, HOOC(CH)sCOOH. A whi 

PSS, oic acid. 2)6 . A white crystalline di 

suberic acid Octane’ i i pe copine: dba 

EE „p. 140°C., obtained from castor oil and used in th 

sic acid» D d plasticizers. e manufacture 

t star with a lower absolute magnitude than an ordinary giant. 

The 

A solid obtained by the direct condensatioi E i $ 

assing through the /iquid state. " of à vaporized solid 
-nation (chem.) The conversion of a solid di i 

quent condensation, without melting. PT ee a ce 


A concept used in the Bohr theor y of atomic structure. Each el 
b shell a ectron, 
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shell is divided into sub-shells, for which all the electrons have the same 
azimuthal quantum number. The shells are designated by the letters syp,d,f- 

subsonic Moving at, or relating to, a speed that is less than Mach 1. See 
Mach number. 

substantive dyes See direct dyes. 

substituent See substitution product. 


substitution product A compound obtained by replacing an atom or group by 
another atom or group in a molecule. The new atom or group is known as 
the ‘substituent’. 

substrate A substance whose Teactivity is increased by a specific enzyme. 

subtend (math.) Two points, A and B, are said to subtend the angle ACB at 
the point C. 

subtractive process The process of producing colours by mixing three different 
dyes or pigments together. The final colour is produced by the absorption 
of different wavelengths of light. Compare additive process. 

succinate A salt or ester of succinic acid (butanedioic acid ). 

succinic acid See buranedioic acid. 

succinite See amber. 

sucrase See invertase. 

Sucroclastic Sugar-splitting; applied to enzymes that have the power of hydro- 
lyzing complex carbohydrates. E.g. invertase. 

sucrose Cgne-sugar, beet sugar, saccharose. Common 'sugar' of the household. 
C,2H 20). A white sweet crystalline disaccharide, m.p. 160°—186°C. It is 
found in numerous plants, Particularly the sugar cane, sugar beet, and 
maple-tree sap. 

sugar 1. Any sweet soluble monosaccharide or disaccharide. 2. Sucrose. 

sugar of lead See lead ethanoate. 

sulphanilic acid 4-aminobenzenesulphonic acid. NH) Cs H,SO3H.H,0. A grey 
crystalline soluble substance, m.p. 288°C., used in the manufacture of dyes. 

sulphate A salt or ester of sulphuric(IV) acid. 

sulphate of ammonia See ammonium sulphate. 

sulphation The formation of an insoluble layer of lead sulphate on the elec- 
trodes of a lead accumulator, when it is not in use and is left discharged 
for any length of time, 

sulphide A binary compound of an element or group with sulphur; a salt of 
hydrogen sulphide, H2S. 

sulphite A salt or ester of sulphurous acid, H3S0,. 

sulpho The univalent radical HO.SO; —: E 

sulphonamide drugs Sulpha drugs. A group of organic compounds, containing 
the sulphonamide group SO,.NH, or its derivatives; the group includes 
sulphanilamide (NH; C H4.S0; NH;), sulphapyridine 
(NH, CH4SO,NHC;H,N), sulphathiazole (NH; Cg H4SO;NHCS ES NS) 
sulphadiazine (NH; CgH4SO; NHC4H4N;), and many others. They are o! 
great value in the treatment of many diseases caused by bacteria. 

sulphonate A salt or ester of any sulphonic acid. + 

sulphonation The formation of a sulphonic acid by the addition of an 
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—SO;O0H group to a benzene molecule. It is done by heating with concen- 
trated sulphuric(VI) acid or by treating with disulphuric(VI) acid. 

sulphones Organic compounds having the general formula R-SO;-R', where 
R and R' are organic radicals. 

sulphonic acids Acids (usually organic ) containing ti 
benzenesulphonic acid, C6H5 S02 OH. 

sulphonyl The bivalent radical —SO2—- 

sulphur S. Element. R.a.m. 32.064. At. No. 16. A non-metallic element occur- 
nng in several allotropic forms. The stable form under ordinary conditions 
is rhombic or alpha-sulphur, a pale-yellow brittle crystalline solid, r.d. 2.07, 
m.p. 112.8°C., b.p. 444.6°C. Sulphur burns with a blue flame to give 
sulphur dioxide; it combines with many metals to form sulphides. Sulphur 


Occurs as the element in many volcanic regions and as sulphides of many 
metals. It is extracted in vast quantities in Texas by the Frasch process. It 
id, carbon disulphide, dyes and 


is used in the manufacture of sulphuric aci 
d for vulcanizing rubber, in fungicides, and 


he HO.SO;- group; e.g. 


various chemicals. It is also use 
in medicine. 

sulphur dioxide Sulphur(IV) oxid 
etrating smell; b.p. —-10*C.; 
and as a refrigerant. 

sulphur dichloride dioxide Sulphuryl chloride. SO;Ch. A colourless liquid, b.p. 
69.1*C., used as a chlorinating agent. 

sulphur dyes Dyes made by heating certain organic substances with sulphur 
and sulphides. They are usually of polymeric nature, and are insoluble in 
water, but when heated with sodium sulphide the large molecules break 
down to form a water-soluble leuco compound (see vat dyes), which dyes 

cellulosiceibres. The final dyeing is ‘obtained by oxidation, as in the case of 

vat dyes. These dyes are very cheap but give dull hues; they are widely 

used for dyeing industrial fabrics. 

See hydrogen sulphide. 

sulphuric ‘acids Any of several acids. 1. Sulphuric(VI) acid, tetraoxosulphuric 
(VI) acid, oil of vitriol. H2SO4. A colourless oily liquid, r.d. 1.84, m.p. 
10.36?C. It is extremely corrosive, reacts violently with warer with the 

It is made by the contact 


evolution of heat, 


e. SO;. A colourless gas with a choking pen- 
liquid SO; is used in bleaching, fumigating, 


ighly corrosive 
hi naton of organic compounds. 3. Fuming sulphuric acid, oleum. Sul- 
phuric( V1) acid containing, t 
oleum contains 20% SO; and 80% H3580,. It is extremely corrosive and 
contains some. disulphuric(VI) acid. It is used for nitration. 4. 
phuric(VI) acid, peroxosulphuric(V1) acid, persulphuric acid, 

id. HSOs5. A white crystalline substance that decomposes ] 

t made by the action of hydrogen peroxide on concelitrated at 
p uric(VI) acid and is used as an oxidizing agent. 5. Peroxodisulphuri sul- 
acid, perdisulphuric acid. H3S50g. A white crystallin iphuric(VI) 
decomposes at 65°C. It is made by the electrolysis of sul S pa that 
jn the manufacture of hydrogen peroxide. 6. Su Does. adi. op 


393 


SULPHURIC ANHYDRIDE 


sulphuric(IV) acid, sulphuric(IV) acid. H5SO,. A weak acid that forms, 
together with H5SO,, when sulphur dioxide dissolves in water. It is known 
in the form of its salts, the sulphites and hydrogensulphites. 7. See thio- 
sulphuric acid. 

sulphuric anhydride Sec sulphur trioxide. 

sulphuric ether An obsolete name for ethoxyethane. 

sulphurous acid See sulphuric acids. 


sulphur point The temperature of equilibrium between liquid sulphur and its 
vapour at a pressure of one standard atmosphere; 444.6*C. 

sulphur trioxide Sulphur(VI) oxide, sulphuric anhydride. SO}. A white crystal- 

| line solid, that exists in three crystalline forms, m.p. 16.8"C. It combines 

* With water to form sulphuric acid. 

sulphuryl The bivalent radical —80;-— in an inorganic compound. 

sulphuryl chloride See sulphur dichloride dioxide. 

E 


Sun The incandescent approximately spherical heavenly body around which 
the planets rotate in e 


lliptical orbits (see solar system ) The Sun is a ‘main 

sequence’ star (see Hertzsprung-Russell diagram), being one of some 10 f 

stars that constitute our Galaxy. Mean distance from the Earth is approxi- 
mately 149.6 x 106 kilometres, and the distance to nearest star is approxi- 
mately 40 x 101? km. The diameter of the Sun is about 1392000 km, its 
mass is approximately 2 x 1030 kilograms, and its average relative density 
1.4. The visible surface of the Sun, called the photosphere, is at a tempera- 
ture of about 6000°C.; its interior temperature is some 13 000 000°C. At 
this internal temperature thermonuclear reactions occur in which hydrogen is 
converted into helium, these reactions providing the Sun with its vast sup- 
ply of energy(see solar constant). The Sun is composed of about 90% 
hydrogen, 8% helium, and only 2% of the heavier elements. 

sunspots Large patches, which appear black by contrast with their surround- 
ings, visible upon the surface (photosphere) of the Sun. Owing to the rota- 
tion of the Sun, they appear to move across its surface. Their appearance is 
spasmodic, but their number reaches a maximum approximately every 
eleven years. (See eleven year period.) They are connected with such phe- 
nomena as magnetic storms and the aurora borealis and appear black 
beacuse they result from a local drop in temperature to about 4000 K. See 
solar flares; solar prominences; solar wind. 

super- Prefix denoting over, above. 


Superconductivity The electrical resistance of a metal or alloy is a function of 
temperature, decreasing as the temperature falls and tending to a constant 
low value at absolute zero. It is found that for certain metals and alloys 
(e.g. lead, vanadium, tin) the resistance changes abruptly, becoming vanish- 
ingly small at a temperature in the neighbourhood of a few degrees above 
absolute zero. This phenomenon is termed superconductivity, and the tem- 
perature at which it sets in is the transition temperature. A current moned 
by a chánging magnetic flux in a ring of superconducting material wil 
continue to circulate after the magnetic flux has been removed. (See also 
cryotron.) This effect has been used to produce large magnetic fields with- 
out the expenditure of appreciable quantities of electrical energy (except in 
maintaining the very low temperature). The explanation of superconductiv- 
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SUPERNOVAE 


ity, known as the BCS theory (after its propounders J. Bardeen, L.N. 
Cooper, and J.R. Schrieffer), relies on the hypothesis that the current is 
carried in superconductors by bound pairs of electrons, called Cooper pairs. 
As the total momentum of a Cooper pair is not changed when one of its 
electrons interacts with the /attice of the superconducting crystal through 
which it is passing, the flow of electrons can continue indefinitely. 


supercooling The metastable state of a liquid cooled below its freezing point. A 
supercooled liquid will usually freeze on the addition of a small particle of 
the solid substance, and often on the addition of any solid particle or even 
on shaking; the temperature then rises to the freezing point. 

supercritical Said of a nuclear reactor in which the effective multiplication fac- 


tor exceeds unity, and in which the nuclear chain reaction is therefore self- 

sustaining. 
superdense theory Big-bang theory. The theory in cosmology that the Universe 
has evolved from one 'superdense" agglomeration of matter that suffered a 
d expansion of the Universe is regarded 


cataclysmic explosion. The observe 
as a result of this explosion, the ga/axies flying apart like fragments from 
an exploding bomb. This hypothesis, which presupposes a finite beginning 


and probably a finite end to the history of the Universe, is in opposition to 
the steady-state theory. At present the evidence favours the superdense the- 


ory. 
superfluid A fluid that flows without friction and has an abnormally high 
thermal conductivity, e.g. helium-4 below 2.186 K. 
supergiant star A star of exceptionally high luminosity, low density, and a 
diameter some hundreds of times greater than the Sun. They lie above the 
giant stars on the Hertzsprung-Russell diagram. 


superheated steam Steam above a temperature of 100°C. This is steam at a 
temperature in excess of the phase equilibrium temperature at the applied 
pressure. 3 s pex 

superheating Heating à liquid above its boiling point, when the liquid is in a 
metastable state. See supercooling. ; } 

s terodyne Superhet. Abbreviation of 'supersonic heterodyne’. A method 

oe Pecention in which the frequency of the carrier wave is changed in 
the receiver to à ‘supersonic’ intermediate frequency (i.e. a frequency above 
the audible limit for sound) by a heterodyne process. 

super high frequency S.H.F. Radio frequencies in the range 3000 to 30 000 
megahertz. a 

EE Denoting & clear liquid that floats above a precipitate. 

= rnovae Stars that suffer an explosion becoming some 10? times brighter 

s Ted the Sun during the process. They are relatively rare events, only two 
having been recor ed within our Galaxy, although they have been observed 
fairly regularly in other galaxies. These explosions are believed to be 

caused when à SUm runs out of hydrogen and contracts under its own 
vitational field. The contraction causes a sufficiently high temperature i 

he interior for thermonuclear reactions to occur, which produce heavy TE 

tl i. The formation of heavy elements, with atomic numbers in excess S 

about , absorbs ae and the star collapses inwards. increasing a 

tation and ultimately flinging a lar; ; M. s 
speed of TO! y n. g ge portion of its matter into 


SUPERPHOSPHATE 


space. It is believed that the planets of the Solar system consist of matter 
thrown into space by a supernova, which was subsequently collected by the 
Sun’s gravitational field. The residue of a supernova explosion is a while 
dwarf star. Compare nova. k 

superphosphate An artificial fertilizer consisting mainly of calcium 
hydrogenphosphate. See calcium phosphate. 

superplasticity The property, exhibited by certain metallic alloys, of stretching 
several hundred per cent before failing, e.g. zinc in aluminium. 

supersaturation The metastable state of a solution holding more dissolved 
solute than is required to saturate the solution. 


supersonic Moving at, or relating to, a speed in excess of Mach 1. See Mach 
number, 


supersonics See ultrasonics. 


supplementary angles Angles together totalling 180°, or two right angles. 
Suppressor grid A grid, placed between the Screen grid and the anode of a 
thermionic valve, to reduce the secondary emission of electrons between them. 


surd An irrational quantity; a root that cannot be expressed as an exact 
number or fraction; eg. 1/2. 


surface-active agent See surfactant. 


surface colour Certain reflecting surfaces, e.g. metal surfaces, exhibit selective 
reflection of light waves; i.e, they reflect some wavelengths (colours ) more 
readily than others. When illuminated by white light, such surfaces reflect 
light deficient in certain 
body is then said to show surface colour, as opposed to pigment colour. 
Bodies showing surface colour when viewed by transmitted light appear to 
be of the complementary colour to that observed when viewed by reflected 
light. Substances that show pigment colour appear the same colour whether 
viewed by reflected or transmitted light. 

surface tension y. An open surface of a liquid is under a state of tension, 
causing a tendency for the Portions of the surface to separate from each 
other; the surface thus shows Properties similar to those of a stretched 
elastic film over the liquid. The tension is an effect of the forces of attrac- 
tion existing between the molecules of a liquid. It is measured by the force 
per unit length (newtons per metre) acting in the surface at right angles to 
an element of any line drawn in the surface. A surface tension exists in 
any boundary surface of a liquid. 

surfactant Surface-active.agent. A wide-ranging class of substances whose mol- 
ecules contain structurally dissimilar groups with opposing solubility ten- 
dencies (amphipathic Structure), such as water-soluble (hydrophilic or polar ) 
and water-insoluble (hydrophobic or non-polar) groups. When dissolved in 
water, or in some other solvent, these substances are adsorbed at the inter- 
face between the solution and a phase in contact with it (air, another 
liquid, soiled material, etc.) and modify its properties (i.e. they exhibit sür- 
face ativity). Depending on their nature, surfactant solutions have various 
functional properties, such as cleansing action (detergency), foaming, wet- 
ting, emulsifying, etc. They are classified, in accordance with the electric 
charge of their active groups, into three main classes: anionic, which 
include soaps (e.g. sodium Stearate) whose active groups are anions; 
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cationic, such as quaternary ammonium compounds, in which the active 
groups are positively charged quaternary ammonium ions; and non-ionic, 
exemplified by condensation products of higher alcohols with epoxyethane, 
in which polyoxyethene chains form the hydrophilic part. Most household 
detergents are based on anionic surfactants of various types (soaps, alkyl 
sulphates or sulphonates, etc.), usually with the addition of other agents to 
confer such specific properties as foaming, wetting, or emulsifying action. 

susceptance B. The imaginary part of the admittance of a circuit. It is the 
reciprocal of the reactance and is measured in siemens. 

susceptibility, magnetic See magnetic susceptibility. 

suspension (chem.) A two-phase system (see phase) consisting of very small 
solid or liquid particles distributed in a fluid dispersion medium. 

suspensoid sol See colloidal solutions. 

sylvine Sylvite. Natural potassium chloride, KCl, usually containing sodium 
chloride as an impurity. It is an important source of potassium compounds. 

symbiosis A relationship between two different types of organism that live 
together for their mutual benefit. E.g. the relationship between cellulose- 
digesting bacteria and the herbivores whose alimentary tract they inhabit. 

symbol (chem.) A letter or letters representing an element or an atom of an 
element; eg. Fe = iron or S = one atom of sulphur. See formula. The 
symbols of all the elements are given in the Appendix in Table 3. 

symmetry The correspondence of parts of a figure with reference to a plane, 
line, or point of symmetry. Thus, a circle is symmetrical about any diame- 
ter; a sphere is symmetrical about a plane of any great circle. 

synapse A junction between neurones by which nerve impulses are transferred 
within the nervous systems of animals. A synapse is usually formed 
between the axon of one neurone om the m pay A ad i d 

ye m that enables relativistic velocities to be 

y nee ee eg a, of the accelerating electric field, in 

ed with the increasing period of revolution of a group of the 


i articles. 

RES. An alternating current electric motor whose speed of rota- 
synch is proportional 10 the frequency of its power supply. 

tion i us orbit Stationary orbit. The orbit of an artificial Earth satellite 
synchrono! eriod of 24 hours. The altitude corresponding to such an orbit 

that hee 33700 km; a satellite in a circular orbit parallel to the equator at 

ia de would appear to be stationary in the sky. Communication 

this à in synchronous orbits are used for relaying radio signals between 

ER parated points on the Earth's surface. 

wide A n An accelerator of the cyclotron type in which the magnetic field is 
span ulated but the electric field is maintained at a constant frequency. 

mo ue radiation High energy electrons within a synchrotron emit light as 
synchro sequence of their acceleration in a strong magnetic field; this emission 

a Pe wn as synchrotron radiation. The term is also used to describe th 
is k Sion of radio frequency electromagnetic radiations from interstell, Š 
Ghar in radio galaxies (see radio astronomy )»as this emission i beli Sa 
dois an analogous phenomenon. 1s believed 

polymer See atactic polymer. 
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syneresis The separation of liquid from a gel. 

synodic month See lunation. 

synodic period of a planet The period between two successive conjunctions 
with the Sun, as observed from the Earth. 4 

synthesis (chem.) ‘Putting together’; the formation of a compound from its 
elements or simpler compounds. , 

synthetic (chem.) Artificially prepared from the component elements or sim- 
pler materials; not obtained directly from natural sources. 

Système International d'Unités See S/ units. 


syzygy A point of opposition or conjunction of a planet, or the Moon, with the 
Sun. 
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doen An instrument for measuring the rate of revolution of a revolving 

shaft. 

tachyon A hypothetical particle that travels faster than the speedof light. To 
satisfy the special theory of relativity such a particle would have imaginary 

energy and momentum if it had a real rest mass, or imaginary rest mass if 
the energy was real. Its presence could be detected by the Cerenkov radia- 
tion it emits, but no such particle has yet been detected. 

tacnode A point at which two branches of a curve touch each other and have 


a common tangent. 

tactic polymer A polymer in which the groups attached to the polymer chain 
are regularly arranged, giving à stereospecific and a stereoregular structure. 
Compare atactic polymer. 

tale Hydrated magnesium silicate, 


and in talcum powder. 

tall oil A resinous substance obtained as a by-product in the manufacture of 
wood-pulp; it is used in soaps and paints. 

tallow The rendered fat of animals, particularly cattle and sheep. It consists 


of various glycerides. 
tandem generator An accelerator of the electrostatic generator type. The name 
is derived from the fact that it consists essentially of two Van der Graaff 
generators in series, thus enabling twice as much energy to be obtained for 
obtained from a single machine. 


a given accelerating potential as could be c 
Negative ions are accelerated from ground potential, the electrons are then 


‘stripped’ off and the positive particles accelerated back to ground poten- 


tial. re 
vanometer A galvanometer consisting of a coil of wire (n turns of 
bote held in a vertical plane parallel to the Earth's magnetic field, H, 
with a small magnetic needle pivoted at the centre of the coil that is free 
to rotate in à horizontal plane. A. direct electric current, I, flowing through 
z gnetic field at right angles to that of the Earth, The 


roduces a magne 
direction of the resultant of these two fields: if 0 is the 


3Mg0.4SiO2.H2 O- It is used as a lubricant 


needle takes U| fe i his 

angle of deflection of the needle from its equilibrium position parallel to 

the Earth's field, then the current will be given by: J = Hr tan 0/2zn 
Mum of an angle See trigonometrical ratios. 

A straight line touching the i 
ent fo A CU EE rs j g the curve at a point. The tange 

tang 5 circle at any point is at right angles to the radius of the circle at p 

pone A white amorphous solid 

mic à id A W mor] s solid, extracted from gall nuts; it i 

meric, ester"tybe derivative of gallic acid and glucose. It is EU i ROY 

en mordant in dyeing, and in ink manufacture. anning, 


d conversion of raw animal hide i 
ning THE versi r al hide into leather i 
co stances containing fannin, tannic acid, or other agents. e in of 
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tannins A class of complex organic compounds of vegetable origin. Com- 
pounds consist of mixtures of derivatives of polyhydroxybenzoic acids; e.g. L 
tannic acid. 

tantalum Ta. Element. R.a.m. 180.948. At. No. 73. A greyish-white metal that 
is very ductile and malleable. R.d. 16.6, m.p. 2996°C., b.p. 5427°C. It 
occurs together with niobium in a few rare minerals and is extracted by 
reduction of the oxide with carbon in an electric furnace. It is used for 
electric lamp filaments, electronic components, in alloys, in cemented car- 
bides for very hard tools, in surgical components (because of its low reac- 
tivity), and in electrolytic rectifiers. 

tape recording See magnetic tape. 

tar Various dark viscous organic materials; e.g. coal-tar. 

tartar See argol. 

tartar emetic See antimony potassium tartrate. 

tartaric acid 2,3-dihydroxybutanedioic acid COOH.(CH.OH),.COOH. An 
organic acid existing in four stereoisomeric forms (see stereoisomerism ). The 
common form, d-tartaric acid, obtained from argol, is a white soluble crys- 
talline solid, m.p. 170°C. It is used in dyeing, calico-printing, and in mak- 
ing baking-powder and effervescent ‘health salts’. dl-tartaric acid (racemic 
acid), m.p. 203—4*C., occurs in grapes. 

tartrate A salt or ester of tartaric acid. 

tau particle A heavy lepton that reacts by the weak interaction. It has a very 
short lifetime (less than 1.4 x 10-12 Second) and a mass of approximately 
1782 MeV (i.e. about 3500 times heavier than an electron). See elementary 
particles and Appendix, Table 6. 


taurine NH;(CH5), SO;H. A white crystalline substance, m.p. 328°C., 
obtained from the bile of mammals. 

tautomerism Dynamic isomerism. The existence of a compound as a mixture 
of two isomers in equilibrium. The two forms are interconvertible and 
removal of one of the forms from the mixture results in the conversion of 
part of the other to restore the equilibrium; but each of the two forms may 
Bive rise to a stable series of derivatives. A substance exhibiting this prop- 
erty is called a ‘tautomer’. See also keto-enol tautomerism. 

tear gases Lachrymators. Substances that can be distributed in the form of a 
vapour or smoke, producing an irritating effect on the eyes. 

technetium Masurium. Te. Element. At. No. 43. A radioactive metal, m.p. 
2172°C., b.p. 4876*C. The most stable isotope, technetium-97, has a half-life 
of 2.6 x 106years. It is not found in nature but formed as a fission product 
of uranium. 

Teflon* See rerrafluoroethene and fluorocarbons. 

tektites Small glass-like bodies whose chemical composition is unrelated to 
the geological formations in which they are found: they are believed to be 
associated with meteorites of extraterrestrial origin. Carbonaceous tektites 
contai traces of carbon compounds. 

telecommunications The communication of signals, images, sounds, or other 
information by line or radio transmission. 

telegraph A method of transmitting messages over a distance by means of 
electrical impulses sent through wires. By depressing a key at the transmit- 
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d and an electric current flows through the con- 

he receiver; the dots and dashes of the Morse 
code being obtained by varying the length of time for which the current 
flows. At the receiving end, the feeble electrical impulses are made to oper- 
ate a relay, which then closes a local circuit, carrying a larger current. This 
current either sounds a buzzer, or a telephone receiver, or causes the dots 
and dashes to be automatically recorded. 

telemeter Any apparatus for recording a physical event at a distance. Infor- 
mation is transmitted either by line (e.g. from the core of a nuclear reactor ) 
or by radio (e.g. from an artificial satellite that transmits measurements 


made in space back to Earth by radio ). 

telephone The circuit, which is closed when the line is connected, consists 
essentially of a transmitter and a receiver connected by an electrical con- 
ductor. The transmitter is usually a carbon microphone, by means of which 
variable electrical impulses, depending on the nature of the sounds made 
into the microphone, are caused to flow through the circuit. In the tele- 
phone receiver these impulses flow through a pair of coils of wire wound 
upon soft-iron pole-pieces attached to the poles of a magnet; an iron dia- 
phragm near these coils experiences variable. pulls, and thus vibrates to 

produce sounds corresponding to those made into the microphone. 
telephoto lens A combination of a convex and a concave lens, used to replace 
the ordinary lens of a camera in order to magnify the normal image. The 
size of the image obtained on the photographic film varies as the focal 
length of the lens. The telephoto lens system increases the effective focal 
length jvithout the necessity of increasing the distance between the film and 
the lens. f à 4 : 
telescope A device for viewing magnified images of distant objects. In the 
refracting telescope the objective is a large convex lens that produces a small 
bright real image; this is viewed through the eye-piece, which is another 
convex lens, serving to magnify the image. In the reflecting telescope a 
large concave mirror (see speculum ) is used instead of the objective lens to 
produce the real image, which is then magnified by the eye-piece. For 
terrestrial needs, these types of telescope are unsuitable, since the images 
nverted, but they are widely used in astronomical telescopes. 
For terrestrial purposes telescopes are equipped with a further lens or prism 
that causes the image to s ud erect. See also Cassegranian, Galilean, 
Gregorian. Herschelian, Maksutov; Newtonian, Schmidt, and radio telescopes. 
E TU en e E a E rre NE 
ircuit’ television the transmission is by line; in ‘broadcast’ televi- 
Edu E DIEA, In either case light waves are converted into 
elect rical impulses by a televison camera. and reconverted into a picture on 
the screen of a cathode-ray tube in the receiver. In broadcast television the 
transmitter consists of Spent for broadcasting modulated radio fre- 
quency electri TE radiations representing a complete television signal 
which includes sound, vision, and synchronizing signals. The ‘receiv u, 
on the superheterodyne principle, the sound and vision signal. ee is 
fed 10 separate intermediate frequency amplifiers, detectors, ERR jer 


stages- 


telluride 


ting end, a circuit is close 
ducting wire or cable to t 


A binary compound of an element or group with tellurium 
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tellurium Te. Element. R.a.m. 127.6. At. No. 52. A silvery-white brittle non- 
metal, resembling sulphur in its chemical properties, r.d. 6.24, m.p. 452°C., 
b.p. 1390°C. It exists in several allotropic forms, and is used in alloys, for 
colouring glass, and in semiconductors. 4 

temperament The distribution of the intervals between the notes of the musi- 
cal scale. If the 12 keys are arranged so that the fundamental of each is 
the fifth of its predecessor, the interval between a low C and a high C 
seven octaves above it would be (3/2)!2 = 129.75, which is not equal to 
the basic interval 27 = 128. The difference (129.75 - 128) is called the 
comma of Pythagoras. In the equal-temperament scale, advocated by J.S. 
Bach, the comma of Pythagoras is distributed equally between the 12 inter- 
vals of the scale over seven octaves. This makes a fifth (128) 12 zs 
1.4983, instead of 1.5. 

temperature The property of a body or region of space determining the rate 
at which heat will be transferred to or from it. Temperature is a measure 
of the Kinetic energy of the molecules, atoms, or ions of which matter is 
composed. The basic physical quantity, the thermodynamic temperature, 18 
expressed in kelvins. These units are also used in the International Practical 
Temperature Scale. Other scales of temperature are the Celsius (Centigrade ), 
Fahrenheit, and Réaumur scales. 

tempering of steel Imparting a definite degree of hardness to steel by heating 
to a definite temperature (which is sometimes determined by the colour the 
steel assumes) and then quenching, i.e. cooling, in oil or water. 

temporary hardness of water Hardness of water that is destroyed by boiling. 
See hard water. 

temporary magnetism Induced magnetism. Magnetism that a body (e.g. soft 
iron) possesses only by virtue of being in a magnetic field and that largely 
disappears on removing the body from the field. 

tenorite A naturally occurring copper(II) oxide that consists of small black 
scales. It is found in volcanic regions and in copper veins. 

tensile strength Tenacity. The tensile (pulling) stress that has to be applied to 
a material to break it. It is measured as a force per unit area; e.g. newtons 
per square metre; dynes per square centimetre; pounds or tons per square 
inch. 

tensimeter A manometer with sealed bulbs attached to each limb, used for 
measuring vapour pressure. 

tensiometer 1. An apparatus for measuring the surface tension of a liquid. 2. 
An apparatus for measuring the tension in a wire, fibre, or beam. 3. An 
apparatus for measuring the moisture content of soil. 

tensor A magnitude or set of functions by which the components of a system 
are transformed from one system of coordinates to another: a quantity 
expressing the ratio in which the length of a vector is increased. 

tera- Prefix denoting one million million times; 10!2. Symbol T, eg. Tm = 
1012 metres. 

terbium Tb. Element. R.a.m. 158.924. At. No. 65. A silvery metal, r.d. 825, 

- m.p. 1356°C., b.p. 3230°C. The only stable isotope is terbium-159. See 
lanthanides. E 

terephthalic acid Benzene-1,4-dicarboxylic acid. CęH4(COOH). A white 
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insoluble crystalline substance, the para-isomer of phthalic acid, that sub- 
limes (see sublimation) without melting above 300*C. It is used in the 
manufacture of polyesters; in particular, polyethene terephthalate. 

terminal 1. (phys.) The point at which an electrical connection is made; the 
point, or the connecting device, at which current enters or leaves a piece of 
electric equipment. 2. An input or output device connected to a computer; 
it may be a line printer, à visual-display unit, a keyboard, or any of several 


other devices. 
terminal speed If a body fre 
a constant force (e.g. a bo 
atmosphere), the body accel 
after which the speed remains coi 
terminator The line on the surface of the Moon, 
the dark and light hemispheres. 
ternary compound A chemical compoun 
HNO; (nitric acid ). 
ternary fission A very rare 
nucleus breaks up into 
also used for the more 


e to move in a resisting medium is acted upon by 
dy falling under the force of gravity through the 
lerates until a certain terminal speed is reached, 
nstant. See Stokes’ Law. 

or a planet, that separates 


d consisting of three elements. E.g. 


form of nuclear fission as a result of which a heavy 

three fragments of comparable mass. The term is 

frequent case in which one of the three fragments 

(e.g. an alpha-particle ) is much lighter than the others. 

terpenes A class of hydrocarbons occurring in many fragrant essential oils of 
plants. They are colourless liquids, generally with a pleasant smell. Terpenes 
have the general formula (C5 Hg)” and are made up of isoprene units. 
Monoterpenes (monocyclic terpenes) consist of two isoprene units, e.g. 
pinene CioHie- Sesquiterpenes have three units, C15H5,, etc. 

terpineol C, oH; OH. Several isomeric unsaturated alcohols that occur in 
essential oils. a-terpineol, m.p. 35°C., b.p. 220°C., is used as a solvent and 


in perfumes. 
Terramycin* Oxytetr 
from Streptomyces 
rial infections. f ^ 
i i ethod of missile or rocket guidance in which the 
de inane dt sii reference to the strength and direction of the 
Earth's gravitational or magnetic field (magnetic guidance). 
terrestrial magnetism See magnetism, terrestrial. 
terrestrial telescope. A telescope for use on lan 


astronomical telescope. — $. 
tertiary colour A colour obtained by mixing two secondary 


and grey. 
tervalent Trivalent. 
Terylene* Tradename 


acycline. C22H30N2011- An antibiotic powder obtained 


rimosus bacteria, used to combat a wide variety of bacte- 


d or sea, as opposed to an 


colours. E.g. brown 


ing a valence of three. 
n rived from benzene-1,4-dicarbox- 


Ol 
jlene* nas for ty, Cs Ha (COOH); and ethanediol (ethylene glycol) 
ylic acid Cae de It is widely used for making fabrics. 
by cl ee ed SI unit of magnetic flux density, defined as the density of 
tesla Tbe. per of ma etic flux per square metre. Symbol T. Named after 
Nikola Tesla (1870— 1943). ; f 
la coil ^ transformer for producing high voltages at high frequencies, con- 
TUE of a coil the primary circuit of which has a small number of turns 
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but includes a spark gap and a fixed capacitor. The secondary winding has 
a large number of turns and the secondary circuit is tuned, by means of a 
variable capacitor, to resonate with the primary. 

testosterone C} H3303. A male sex hormone (androgen ), which in the pure 
form consists of a white insoluble crystalline substance, m.p. 155°C., whose 
function is to promote the development of male characteristics. 

tetra- Prefix denoting four, fourfold. 


tetraarsenic tetrasulphide Realgar. As4S4. A red insoluble poisonous powder, 
m.p. 307*C., used in the manufacture of fireworks. Before its tetrahedral 
Structure was known it was called arsenic disulphide, As; S}. 

tetrachloroethene Perchlorethylene. ChC:CCh. A colourless non-flammable 
liquid, b.p. 121°C., used as a solvent and in dry cleaning. 

tetrachloromethane Carbon tetrachloride. CCl4. A heavy colourless liquid with 
a sweetish smell, b.p. 76.8°C. It was formerly used as a solvent and fire 
extinguisher, but has been replaced for those purposes as the moist com- 
pound is partially decomposed to yield the highly toxic gas phosgene. 

tetracyclines A group of antibiotics derived from Streptomyces bacteria. They 
are effective against a wide range of bacterial infections. 

tetrad An element having a valence of four. 


tetraethyllead Lead tetraethyl(IV). (C)Hs),Pb. A colourless oily liquid, used 
to reduce knocking in petrol engines. Because it can result in unacceptably 
high quantities of atmospheric lead its use has been restricted or prohibited 
in some countries. 

tetraethyl pyrophosphate TEPP, (C2H5)4 P50;. A colourless hygroscopic liquid, 
b.p. 155°C., used as an insecticide and rat poison. 

tetrafluoroethene CF;:CF;. An unsaturated gaseous fluorocarbon, b.p- 
~76.3°C., that polymerizes (see polymerization) into a thermoplastic mate- 
rial with good electrical insulation properties (trade names Teflon*, and 
Fluon*). See polytetrafluoroethene. E 

tetrahedron A four-faced solid figure contained by four triangles; a pyramid 
with a triangular base. 


tetranitromethane C(NO,)4. A colourless volatile liquid, b.p. 126°C., used as 
an oxidant in rockets. 

tetraoxosulphuric(VI) acid See sulphuric acids. 

tetravalent Quadrivalent. Having a valence of four. 

tetrode A thermionic valve containing four electrodes; a cathode, an anode of 
plate, a control grid, and (between the two latter) a screen grid. 

thalidomide C; 4H, )N 0,4. A white crystalline substance, formerly used as a 
tranquillizer but found to be the cause of deformed children when taken by 
pregnant women. 

thallium TI. Element. R.a.m. 204.37. At. No. 81. A white malleable metal 
resembling lead, r.d. 11.85, m.p. 303.5°C., b.p. 1460°C. It is used in alloys; 
its. salts?are used in insecticides and rat poisons, y 

thebaine C1H3; NO3. A white insoluble substance, m.p. 193°C., present in 
opium in small quantities. .. 

theine See caffeine. T 2 

theobromine C;H&N4O;. A white insoluble crystalline alkaloid, m.p. 337°C., 
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that is isomeric with theophylline, m.p. 272°C. Both occur in tea and are 


used in medicine. 

theodolite An instrument for the measurement of 
consists essentially of a telescope moving along a 
degrees. 


theophylline See theobromine. 
theorem A statement or proposition that is proved by logical reasoning from 


given facts and justifiable assumptions. 


theory of games A mathematical treatment of competitive games with special 
reference to the strategic and tactical decisions that have to be made in 
rests in the light of specific odds and 


situations involving conflicting inte 
probabilities. The theory is extended for use in military and commercial 
situations. 

therapeutics Healing; remedial treatment of diseases. 

therm A practical unit of quantity of heat; 100 000 British thermal units, 


25 200 000 calories, 1.055 06 x 10° joules. 
thermal analysis See thermographic analysis. 
thermal barrier The limit to the speed with which an aircraft or rocket can 

travel in the Earth’s atmosphere due to overheating caused by friction with 

the atmospheric molecules. 
thermal capacity See heat capacity. 
thermal conductivity See conductivity, 
thermal cross-section A nuclear crass-s 

trons. 

dient is maintained over à volume of gas 


thermal diffusion If a temperature gra i f 
containing molecules of different Masses, the heavier molecules tend to dif- 
fuse down the temperature gradient, and the lighter molecules in the oppo- 
site direction. This forms the basis of a method of separating the different 
isotopes of an element in certain cases. 
thermal dissociation See dissociation. ‘ T ; 
m in which there is no net flow of 


thermal equilibrium The state of a syste! 
heat between its components. ; r À 
brium with their surroundings; 


thermali ing neutrons into thermal equilil 
ermalize To bring ith a moderator; to produce thermal 


to reduce the energy of neutrons Wit 
neutrons. 

thermal neutrons Neutrons of very slow speed and consequently of low energy. 

Their energy is of the same order as the thermal energy of the atoms or 

f the substance through which they are passing; i.e. about 0.025 

ivalent to an average speed of about 2200 metres per 

s are responsible for numerous types of nuclear 
reactions, including nuclear fission- 

thermal pollution See pollution. j 

r reactor in whic 


thermal reactor A nuclea 
caused by thermal neutrons. 
thermal spike 


The zone of high te 
along the pat 


h of a high energy 
thermion An ion emit 


angles, used in surveying. It 
circular scale graduated in 


thermal. 


ection as measured with thermal neu- 


h most of the nuclear ,issions are 


mperature briefly produced in a substance 
particle or nuclear fission fragment. 


ted by a hot body. 
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E ie ENS ially. 
thermionic emission The emission of electrons from a heated metal, especially 
in thermionic valves and cathode-ray tubes. See Richardson equation. 
C ey B BH H ed: rons 
thermionics The branch of electronics dealing with the emission of elect 


3 2 ign of 
from substances at high temperatures, particularly the study and design 
thermionic valves, 


e 
Purposes a gas at low pressure may Be 
€ electrodes are: (1) a cathode that emits e 


Current passing through it, or an electrode heated indirectly by a separate 
filament. See diode, triode, tetrode, pentode. 


thermistor A semiconductor, the electrical re: f 10 
+ €.g. the resistance may be of the order o 


d to compensate for temperature variations © 
other components in a circuit. 


begins in which the aluminium i i 
forming aluminium oxide and the metal: 


thermobarograph An instrument for measuring and recording atmospheric 
temperature and pressure, Consisting of a thermograph and a barograph. x 
thermochemistry The branch of physical chemistry dealing with the quantities 


of heat absorbed or evolved during chemical reactions. See heat of reaction; 
Hess’s law. 


E UE 3 d 
a galvanometer in the circuit, or the thermoelectric E.M.F. can be measure 
using a potentiometer. 


thermódynamic energy U. See internal energy. 


thermodynamics The Study of the general laws governing processes that 
involve heat changes and thé conservation of energy. 


thermodynamics, laws of 1. The law of the conservation of energy. In a system 
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of constant mass, energy can be neither created nor destroyed. The law is 
usually stated in the form: 
AU = Q + W, 
where U is the internal energy of a system of constant mass, Q is the heat 
transferred to or from the system, and W is the work done on or by the 
system (taken as positive if work is done on the system). 2. Heat cannot be 
transferred by any continuous self-sustaining process from a colder to a 
hotter body. Or stated im terms of entropy; the entropy of a closed system 
increases with time. This is usually stated in the form: 
AU = TAS - W, 

where AS is the change in entropy of the system when its thermodynamic 
temperature is T. 3. See the Nernst heat theorem. The consequence of this 
law is that the absolute zero of temperature can never be attained. 
One other law is fundamental to these three laws and is sometimes known 
as the zeroth law of thermodynamics. This states that if two bodies are 
each in thermal equilibrium with a third body, then the three bodies are in 
thermal equilibrium with each other. 

thermodynamic temperature T. Although formerly referred to as a scale of 
temperature (Kelvin scale of temperature, or absolute scale of temperature), 
the concept of a temperature scale is now restricted to the International 
Practical Temperature Scale. The thermodynamic temperature is a basic 
physical quantity that depends on the concept of temperature as a measure 
of the thermal energy of random motion of the particles of a system in 
thermal equilibrium. Originally, thermodynamic temperature was defined in 
terms of the ice point and steam point of water using a gas thermometer. 
However, in 1954 this was replaced by a definition using only one fixed 
point, the triple point of water, which was fixed as 273.16 kelvins exactly. 
The magnitude of the unit of thermodynamic temperature, the kelvin, is the 
same as the degree on the International Practical Scale of Temperature. 


thermoelectric effect See Seebeck effect. 

thermoelectricity An electric current produced by the direct conversion of heat 
energy into electrical energy. See thermocouple; Thomson effect; Seebeck 
effect. 

thermograph A self-registering thermometer; an apparatus that records temper- 
ature variations during a period of time on a graph. 

thermographic analysis A group of methods of chemical analysis based on 
recording changes of mass (thermogravimetric analysis) due to decomposi- 
tion, or of temperature (“heating curves") due to endothermic or exothermic 
processes, when substances that undergo chemical changes on heating are 
heated at a definite rate. " palette AC , 

hy A technique used in medicine to detect cancers, especially of 

e test. A tumour has an abnormally high blood supply and therefore 
the skin above it is at a slightly raised temperature. This is revealed by 
photographing the infrared radiation emitted by an area of skin, using 
special film, sensitive to infrared radiation s 2 

thermoluminescence Luminescence resulting from a rise in the temperature of a 
body or substance. It occurs when electrons, trapped in crystal defects, are 

freed by heating the crystals. 
As these defecis are usually caused by ionizing radiation; the property is 
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used as a method of dating archaeological remains, especially pottery. The 
number of trapped electrons can be assumed to be related to the quantity 
of radiation to which the pottery has been subjected since it was fired. By 
assuming that this quantity is related to its age an estimate of age can be 
Obtained by measuring the amount of light emitted by the pottery on heat- 
ing and comparing it with the thermoluminescence of a similar material of 
known age. 
thermometer An instrument for the measurement of temperature. Any physical 
Property of a substance that varies with temperature can be used to mea- 
sure the latter; e.g. the volume of a liquid or gas maintained under a fixed 
pressure; the pressure of a gas at constant volume; the electrical resistance 
of a conductor; the E.M.F. produced at a thermocouple junction, etc. Je 
property chosen depends on the temperature range, the accuracy require’, 
and the ease with which the instrument can be made and used. The es 
mon mercury thermometer depends upon the expansion of mercury wit 
rise in temperature, The mercury is contained in a bulb attached to i 
narrow graduated sealed tube; the expansion of the mercury in the bu = 
causes a thin thread of it to rise in the tube. See also gas thermometers 
pyrometers; resistance thermometer; thermocouple, Beckmann thermometer; 
thermometer, clinical, thermometer, maximum and minimum. 


thermometer, clinical A mercury thermometer designed to measure the temper- 
ature of the human body, and graduated to cover a range of a few degrees 
on either side of the normal body temperature. A constriction in the tube 
near the bulb causes the mercury thread to break when the thermometer 15 
taken away from the warm body, and the mercury in the bulb starts E 
contract. The thread thus remains in the tube to indicate the maximum 
temperature reached, until it is shaken down. 


thermometer, maximum and minimum A thermometer that records the highest 
and lowest temperatures reached during a period of time. It consists EUR 
bulb filled with alcohol, which, by expansion, pushes a mercury threa d 
along a fine tube, graduated in degrees. At each end of the mercury threa: 
is a small steel ‘index’ that is pushed by the mercury; one is thus left at 
the farthest point reached by the mercury thread, corresponding to the 
maximum temperature, and the other at the lowest point. , 

thermomilliammeter An instrument for measuring small alternating electric 
currents. The current passes through a wire made of constantan or plati- 
num, which is in contact with or very close to a thermocouple. 'The thermo- 
couple is connected to a sensitive milliammeter, the heat of the constantan 
wire producing a thermoelectric current in the thermocouple; this current 1S 
recorded by the milliammeter. In a more sensitive instrument, the heater 
wire and thermocouple are arranged in an evacuated quartz envelope. 

thermonuclear bomb See nuclear weapons. 3 

thermonuclear reaction A nuclear fusion reaction in which the interacting paf- 
ticles or nuclei possess sufficient kinetic energy, as a result of their thermal 

~ sAgitauon, to initiate and sustain the process. The hydrogen bomb (see 
nuclear weapons) makes use of thermonuclear. reactions by employing à 
fission bomb to attain tbe required temperature, which is in excess of 20 x 
10$ °C. Controlled thermonuclear reactions attempt to make use of fusion 
reactions in deuterium and tritium gas at a temperature in the range 50 X 
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107 to 5 x 109°C., for the purpose of generating electrical energy. The 
central problem in achieving this end is that of containment, i.e. separating 
the plasma (or high temperature ionized gas) from the walls of the contain- 
ing vessel. In magnetic containment the plasma may be contained either by 
use of externally applied magnetic fields, or by the magnetic fields produced 
by currents flowing in the plasma itself (see pinch effect ). The nature and 
instabilities of these magnetic fields are the subject of contemporary 
research. The machines in which these experiments are carried out may be 
classified according to whether the magnetic lines of force of the containing 
field are closed- or open-ended. The closed field group include torus-shaped 
machines called Tokamaks, while the open-ended machines include those 
using magnetic mirrors or rotating plasmas. 
Another approach, pellet fusion, uses a tiny pellet of nuclear fuel in 

which fusion is initiated by means of a laser beam. 

thermopile An instrument for detecting and measuring heat radiations. It con- 
sists of a number of rods of antimony and bismuth, connected alternately 
in series. When the junctions are exposed to heat, the thermoelectric cur- 
rent produced (see thermocouple ) may be detected or measured by a sensi- 
tive galvanometer. 

thermoplastic A substance that becomes plastic on being heated; a plastic 
material that can be repeatedly melted or softened by heat without change 


of properties. 

thermosetting plastics Plastics that, 
pressure ), lose their plasticity. 

thermosphere The region of the upper atmosphere in which the temperature 
increases with altitude. See Fig. 44, under upper atmosphere. 

thermostat An instrument for maintaining a constant temperature by the use 
of a device that cuts off the supply of heat when the required temperature 
is exceeded and ‘automatically restores the supply when the temperature 
falls below that required. It usually consists of a bimetallic strip so arranged 
that when it is heated (or cooled) the power supply contacts are opened (or 


closed). 
thiamine Aneurin. Vitami 
complex; à white crystalline 
is widely required by many 
-drates and occurs in liver, 
and nervous disorders. 
thiazines A group of compounds consisting of a six-membered ring, four of 
which are carbon atoms, one of which is a sulphur atom, and one a nitro- 
gen atom. 
N.CH:CH. A colourless volatile liquid, b.p. 116.8*C., whose 


thiazole S.CH: y liqui 
molecule consists of a five-membered ring. Derivatives are used in dyestuffs 


and in medicine. 
thin-layer chromatography A form of chromatography in which the stationary 
hase consists of a thin layer of alumina slurry on a glass plate. After 
selective absorption of the mobile phase the plate is dried in an oven. The 
technique is very similar to that of paper chromatography. 
Prefix denoting sulphur, in the naming of chemical compounds. 
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n By. Cy2H)7ON4SCl. A member of vitamin B 
powder that is soluble in water and alcohol. It 
living organisms for the metabolism of carbohy- 
milk, eggs, and fruit. Deficiency causes beriberi 


thio- 


THIOACETAMIDE 


thioacetamide CH;CSNH. A colourless soluble crystalline substance, m.p. 
115—16°C., used as a source of hydrogen sulphide. 
thiocarbamide See thiourea. 


thiocyanate A salt or ester of thiocyanic acid. 

thiocyanic acid HSCN. An unstable acid that forms salts called thiocyanates. 

thio ethers A group of compounds with the general formula RSR', where R 
and R’ are hydrocarbon radicals, 

Thiokols* Rubber-like polymer materials of the general formula (RS, )n, were 
R is an organic bivalent radical, and x is usually between 2 and 4. They are 
very resistant to the swelling action of oils, and undergo a form of vulcani- 
Zation on being heated with certain metallic oxides. 

thiolates Metallic salts of thiols, formerly known as "mercaptides"; they are 
sulphur analogues of alcoholates. 


thiols A class of organic compounds of the general formula RSH, mu 
sulphur attached directly to carbon; they are the sulphur analogues of al ie 
hols, containing SH instead of OH groups. They were formerly called m: 
captans. 

thionin Cj; H9N3 
copy. 

thionyl chloride See sulphur dichloride oxide. 


thiophene C4H4S. A colourless liquid heterocyclic compound, b.p- sa 
with a nauseating stench. It occurs in coal-tar; it is used as a solvent 
in the manufacture of dyes, plastics, and pharmaceutical products. | 
thiosulphate A salt or ester of thiosulphuric acid, 


thiosulphurie acid H5S;O;. An unstable acid formed by replacing one eel n 
atom of sulphuric acid (H2504) by one sulphur atom. It is known only 
Solution or in the form of its salts or esters, the thiosulphates. : 

thiourea Thiocarbamide. NH;CS.NH;. A colourless organic compound, m.p. 
180*C., used in the manufacture of thiourea-aldehyde plastics. x - 

thixotropy The rate of change of viscosity with time. Certain liquids Hen 

the property of increasing in viscosity with the passage of time when Feil 

liquid is left undisturbed. On shaking, the visçosity returns to its e 

value. This property is made use of in nondrip paints, which are Tis 

viscous on the brush than when they are being worked on the wall. a 

also used in some lubricants, which become thinner as the parts they à 

lubricating begin to move. 


: 7 i ire 
Thomson effect Kelvin effect. A temperature gradient along a conducting Wi 


gives rise to an electric potential gradient along the wire. Named after Sir 
William Thomson (Lord Kelvin) (1824— 1907). , iy b 

"Thomson scattering The Scattering of photons of electromagnetic radiations zi 
electrons according to classical theory, i.e. the energy lost by the photons i 
the radiation emitted by the electrons when they are accelerated by E 
‘tansverse electric field of the radiation. Named after Sir Joseph Jo 
Thomson (1856— 1940). 

thoria See thorium dioxide. - 

thorides Natural radio 
thorium. 


ee LEA j 4 icros- 
S. A dark brown thiazine derivative, used as a dye in mic 


isotopes that occur in the radioactive series containing 
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thorite A mineral consisting of thorium silicate, ThSiO4; used as a source of 
thorium. 

thorium Th. Element. R.a.m. 232.038. At. No. 90. A dark grey radioactive 
metal, r.d. 11.72, m.p. 1750°C., b.p. 4800*C. The most stable isotope, tho- 
rium-232, has a half-life of 1.4 x 10!° years. Compounds occur in monazite 
and /horite. It is used in alloys and as nuclear fuel in some breeder reactors. 

thorium dioxide Thoria. ThO;. A white insoluble powder, m.p. 3050°C., used 
in gas mantles, refractories and special glasses. 

thoron A gaseous radioisotope of radon, radon-220, produced by the disinte- 
gration of thorium. It has a half-life of 51.5 seconds. 

threnardite A mineral form of sodium sulphate, Na? SO4. 

threonine A colourless soluble crystalline amino acid, m.p. 230°C., that is 
essential to the diet of animals. See Appendix, Table 5. 

threshold The lowest value of any stimulus, signal, or agency that will pro- 
duce a specified effect. E.g. threshold frequency. 

threshold freqency Light falling on a metal surface will give rise to the emis- 
sion of electrons (see photoelectric effect ) only if the frequency of the light is 
greater than a certain threshold value, which is characteristic of the metal 
used. 

thrombin An enzyme formed in the blood of vertebrates that acts upon 
fibrogen to form fibrin; it is therefore essential to the process of blood 
clotting. Thrombin is formed from a blood protein, prothrombin. 


thrombocytes See blood platelets. 

thrust The propulsive force produced by a reaction propulsion motor. See also 
specific impulse. 

thulium Tm. Element. R.a.m. 168.934. At. No. 69. A soft grey metal, r.d. 9.33, 
m.p. 1545°C., b.p. 1950°C. It has one natural isotope, thulium-169, See 
lanthanides. 

thymine 5-Methyluracil. C5 HgN5O;. One of the two pyrimidine bases occur- 
ring in the nucleotides of deoxyribonucleic acid, which plays a part in the 
formulation of the genetic code. 

thymol 3-Hydroxy-l-isopropyl-4-methyl benzene. Cj gH,40. A white crystal- 
line phenol derivative, m.p. 51.5°C., b.p. 233.5°C., that smells of thyme. It 
occurs in many essential oils and is used as a mild antiseptic. 

thyratron A gas-filled thermionic valve (usually a triode) in which a voltage 
applied to the control grid initiates, but does not limit, the anode current. It 
was formerly widely used as an electronic switch but has now been largely 
replaced by the thyristor. 

thyristor A silicon-controlled rectifier in which the anode-cathode current is 
controlled by a gate. It usually consists of three p-n junctions on a four- 
layer chip. It has largely replaced the thyratron, to which it has similar 
current-voltage characteristics. 

thyroxin(e) C; 5 Hi; Il4NO4. An iodine-containing amino acid hormone pro- 
‘duced by the thyroid gland. The pure form is a white crystalline sebstance, 
m.p. 236°C., used in cases of thyroid deficiency. 

tides Movement of the seas caused by the attraction exerted upon the seas by 
the Moon, and to a lesser extent by the Sun. At full and new moon the 
tidal force of the Sun is added to that of the Moon, causing high spring 
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Low Neap Tides 


Figure 42. 


lides; while at half- 
See Fig. 42. Tidal 
of power. 


timbre See quality of sound. 


time dilation An effect predicted by the special theory of relativity. He 
observer measures the Passage of a time z, on a clock travelling wits mti 
Another observer travelling at a speed v relative to the first has an i xs a 
cal clock travelling with him. It will appear to the first observer that a wn 
(1 — v2/c2)% will have elapsed on the second observer's clock (c is s 
Speed of light). The effect is only apparent at relativistic velocities and na 
been observed in the motions of some muons, which have a longer life time 
at relativistic velocities, 


_ time exposure A long Photographic exposure in which the camera shutter is 
Operated manually, 


» Or by some device not normally part of the camera. 
time-lapse photography Photography in which a slow process, such as the 
Browth of a plant, is photographed by a series of single exposures en 
Cinemstic film at regular intervals. When the film is projected at normal 
Speed, the process is seen in a greatly speeded up version. 
time measurement The S7 unit of time is the second, to which all time-mea- 
Suring devices are ultimately referred. Such devices include the pendulum, 
` the quartz clock, the ammonia clock, and the caesium clock. See also year. 
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time reflection symmetry The proposition that any physical situation should 
be reversible in time. It is known to hold for strong interactions and electro- 
magnetic interactions, but some doubt remains as to its validity with respect 
to weak interactions. According to this principle, if time could be reversed 
(ie. run backwards) the time reflection of a particular physical situation 
would correspond to what one would normally see by reflecting the situa- 
tion in a space mirror, expect that all the particles would be replaced by 
their anti-particles. Thus, if left-polarized (see parity ) neutrinos exist, right- 
polarized anti-particles must also exist: experimental evidence appears to 
confirm this. 

tin Sn. (Stannum.) Element. R.a.m. 118.69. At. No. 50. A silvery-white metal, 
r.d. 7.31, m.p. 231.85°C., b.p. 2270°C., that is soft, malleable, and ductile. 
It is unaffected by air or water at ordinary temperatures. Tin occurs in two 
allotropic forms, white tin, the normal form of the metal which below 
13.2°C. passes into the powdery form known as grey tin. This causes tin 
plague but can be prevented by the addition of small amounts of antimony 
or bismuth. Tin is found in nature as tin(IV) oxide, SnO», cassiterite or 
tinstone. The metal is extracted by heating the oxide with powdered carbon 
in a reverberatory furnace. It is used for tin-plating and in many alloys. 

tin ash See tin(IV) oxide. 

tincal An impure form of disodium tetraborate (borax ). 

tin chlorides Either of two compounds. 1. Tin(II) chloride, stannous chloride. 
SnCl,. A white crystalline substance, m.p. 246°C., that forms a dihydrate 
known as tin salt, m.p. 37.7°C. It is used as a reducing agent, mordant, and 
a tinning agent. 2. Tin(IV) chloride, stannic chloride. SnCly. A colourless 
fuming /iquid, b.p. 114.1*C., used in the manufacture of mordants. 

tincture An alcoholic extract or a solution in alcohol. 

tin(IV) oxide Tin dioxide, stannic oxide, tin ash. SnO,. A white insoluble 
powder, m.p. 1127*C., used in the manufacture of glass and polishes. It has 
two dihydrates, SnO;.2H50, known also as a- and f- stannic acids. Tin 
(IV) oxide is amphoteric forming stannates with alkalis. 

tin plague An allotropic change (see allotropy) in which white tin changes 
into a grey powdery form at 13.2°C. 

tin plate Iron coated with a thin layer of tin, by dipping it into the molten 


metal. 

tin salt See tin chlorides. 

tinstone See cassiterite. 

tin sulphides Either of two compounds. 1. Tin(II) sulphide, stannous sulphide, 
SnS. A grey crystalline substance, m.p. 882°C. Above 265°C. it decomposes 
into tin(IV) sulphide and the metal. 2. Tin(IV) sulphide, stannic sulphide, 
mosaic gold. SnS;. A golden insoluble powder, used in the manufacture of 
gold paint. 

tintometer An instrument for comparing the colour of solutions with a series 
of standard solutions or stained glass slides. See also Lovibond* .tintometer, 

tints Colours that have the same hue but different saturation. « 

tissue culture The preparation of fragments of the tissues or cells of organisms 
for biochemical examination in vitro. Tissue Cultures are usually maintained 


in correctly balanced physiological saline. 
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tissues A collection of similar cells and intercellular material, which forms the 
structural material of a plant or animal. 


titania See titanium(I V) oxide. 


titanium Ti. Element R.a.m. 47.90, At. No. 22. A malleable and ductile metal 
resembling iron, r.d. 4.5, m.p. 1675°C., b.p. 3280°C. Compounds are fairly 
widely distributed, the principal ore being rutile. The metal is extracted by 
the Kroll process. Titanium is widely used where strong light alloys are 
required, e.g. aircraft, missiles, etc. 

titanium(IV) oxide Titanium dioxide, titania. TiO}. A white insoluble powder, 
m.p. 1850°C. It occurs in nature in several crystalline forms, including 
anatase and rutile. It is used as a white pigment in surface coatings and in 
the paper and textile industries, in ceramics, etc. Ay 

titration An operation forming the basis of volumetric analysis. The addition 
of measured amounts of a solution of one reagent (called the titrant) from a 
burette to a definite amount of another reagent until the action between 
them is complete, i.e. till the Second reagent is completely used up. (See 
end point.) 


TNT See trinitrotoluene. 


tobacco mosaic virus TMV. A simple virus widely used in biochemical and 


biological studies, Particularly concerning the transference of the genetic 
code. The virus Particle consists of a single helix of ribonucleic acid conta 
ing some 6400 nucleotides, coated with about 2200 molecules of a single 


protein, each molecule of which comprises a polypeptide chain of 158 amino 
acids in a known sequence. 


tocopherol Vitamin E. CioHsoHo. A yellow insoluble substance, m.P. 
200-210°C. A vitamin 


that is thought to stabilize all membranes by 
preventing oxidation of unsaturated fatty acids; it also prevents sterility in 
Tats. It occurs in vegetable leaves and wheat germ. 
Tokamak See thermonuclear reaction. 
toluene See methylbenzene. < 
toluidine Methylphenylamine. CH3C;H4 
in three isomeric forms: ortho, meta, 
b.p. 200-204*C., the third is a wh 
200*C.; all three are used 
facture of dyes. 


tomography A technique for using X-rays for photographing one specific plane 
of the body, for diagnostic Purposes. A computerized axial tomography 
- (CAT) scanner is an X-ray machine that rotates through 180° around the 
horizontal patient, taking X-ray measurements every few degrees. A three- 
dimensional image is built up from these measurements by the scanner's 
own computer. The result provides much more information than a normal 
diagnostic X-ray, for about one fifth of the dose. 


tone of sound See quality of sound. 
tonne Metric ton; 1000 kilograms, 2204.62 Ibs, 0.9842 ton. 
tononieter 1. An instrument for measuring the 


sisting of a set of calibrated tuning forks. 2. An instrument for measuring 


Yapour pressure. 3. An instrument. for measuring blood pressure, or the 
Pressure within an eye-ball. d 


NH;. An aromatic amine that exists 
and para. The former two are liquids, 
ite crystalline solid, m.p. 45°C., b.p- 
as organic intermediates, especially in the manu- 


pitch of a sound, usually con- 
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topaz A crystalline mineral, consisting of aluminium fluosilicate, with the 
formula Al; (OH,F); SiO4- 

topology A branch of geometry concerned with the way in which figures are 
*connected', rather than with their shape or size. Topology is thus con- 
cerned with the geometrical factors that remain unchanged when an object 
undergoes a continuous deformation (e.g. by bending, stretching, or twist- 
ing) without tearing or breaking. 

toroidal Having the shape of a toroid or torus. 

torque A force, moment of a force, or system of forces that tends to produce 
rotation. : 

torr A unit of pressure used in the field of high vacuum: it is equivalent to 1 
mm of mercury or 133.322 pascals. 

Torricellian vacuum The space, containing mercury vapour, that is produced at 
the top of a column of mercury when a long tube sealed at one end is 
filled with mercury and inverted in a trough of the metal. The mercury 
sinks in the tube until it is balanced by the atmospheric pressure (see 
barometer ), the Torricellian vacuum being the space above it. Named after 
Evangelista Torricelli (1608—47). 

torsion ‘Twisting’ about an axis, produced by the action of two opposing 
couples acting in parallel planes. 

torsion balance If a wire is acted upon by a couple the axis of which coin- 
cides with the wire, the wire twists through an angle determined by the 
applied couple and the rigidity modulus of the wire. The amount of twist 
produced can thus be used to measure an applied force. In the torsion 
balance, the force to be measured is applied at right angles to, and at the 
end of, an arm attached to the wire. 

torus (phys.) A ‘doughnut’ or anchor-ring-shaped solid of circular or elliptical 
cross-section. If the cross-section is a circle of radius a, and the ring has a 
radius b, the volume of the torus is 277a7b. 

total internal reflection When /ight passes from one medium to another that is 
optically less dense, e.g. from glass to air (see refraction and density, opti- 
cal), the ray is bent away from the normal. If the incident ray meets the 
surface at such an angle that the refracted ray must be bent away at an 
angle of more than 90°, the light cannot emerge at all, and is totally 
internally reflected. : A . 

totality The period in a total eclipse of the Sun, during which the bright 
surface of the Sun is totally obscured from view on Earth by the Moon. 

tourmaline A class of natural crystalline minerals, consisting of silicates of 
various metals and containing boron. The crystals show some interesting 
pyroelectric, piezoelectric and optical effects. See dichroism, 


toxic Poisonous. 

toxicology The study of poisons. 

toxin A poison, usually an intense! 
bacteria. 

trace element Ah element requir 
Such elements often form essent 
hormones. 

tracer See radioactive tracing. 


ly poisonous substance produced by certain 


ed in very small quantities by an organism. 
jal constitaents of enzymes, vitamins, or 
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trajectory The path of a projectile. 
tranquillizer A drug used to reduce tension and anxiety, without impairing 
alertness or causing drowsiness. 


transamination The transfer of an amino group from one compound (e.g. an 
amino acid) to another. 


transcendental (math.) 1. (Of a number or quantity) Not capable of being 
expressed as the root of an algebraic equation with rational coefficients, e.g. 
or e. 2. (Of a function) Not capable of being expressed by a finite number 
of algebraic operations, e.g. sin x, e*. (See exponential.) 

transconductance The mutual conductance between the control grid of a thermi- 
onic valve and its anode; it is usually expressed in siemens. 


transducer A device that receives waves (electrical, acoustical, or mechanical) 
from one or more media or transmission systems and supplies related 
waves (not necessarily of the same type as the input) to one or more other 
media or transmission systems. If the transducer derives energy from 
Sources other than the input waves it is said to be ‘active’: if the input 
waves are the only source of energy it is said to be ‘passive’. 

trans-form See cis-trans isomerism. 


transformation constant See disintegration constant. 
transformation, nuclear The change of one nuclide into another. 


transformer A device by which an alternating current of one voltage is 
changed to another voltage, without alteration in frequency. A step-up 
transformer, which increases the voltage and diminishes the current, con- 

core on which is wound a primary coil of a 

small number of turns of thick, insulated wire: and, forming a separate 

circuit, a secondary coil of a larger number of turns of thin, insulated wire. 

When the low-voltage current is passed through the primary coil, it induces 

a current in the secondary (see induction ) by producing an alternating mag- 

netic field in the iron core. The ratio of the voltage in the primary to that 
in the secondary is very nearly equal to the ratio of the number of turns in 
the primary to that in the secondary. The step-down transformer works on 
the same principle, with the coils reversed. 

transient 1. (math.). A function whose value tends to zero as the independant 
variable tends to infinity. 2. (phys.). A short-lived oscillation in a system 
caused by a sudden change of voltage, current, or load. 

transistor A semiconductor device capable of amplification It consists of two 
p-n semiconductor junctions back to back forming either a p-n-p or n-p-n 
Structure. In a p-n-p transistor the thin central n-region is called the base, 
one p-region is called the emitter, the other the collector. In an n-p-n tran- 
Sistor the p-region is the base. In order to obtain amplification an n-p-n 
transistor is included in a circuit that supplies a positive voltage to the 
collector (n-region) and a negative voltage to the emitter (the other n- 
region). The collector in this type of transistor therefore corresponds to the 
anoüe of a thermionic valve while the emitter corresponds to the cathode. 
The base (p-region) is also positively biased and is analogous to the contro] 
grid. With this arrangement: the large number of electrons in the emitter 
Tegion is attracted to the p-layer, which, if it is sufficiently thin, will allow 
the electrons to pass through it and be attracted into the positive collector. 
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The magnitude of the collector current will depend on the extent of the 
positive bias on the p-layer base. By suitable design the device can be 
made to give a collector current some 20—100 times the base current. The 
advantages of a transistor over a valve are that it is less bulky and fragile, 
that it requires no heater current, and that the voltage at the collector need 
only be a few volts. A p-n-p transistor works in an exactly analogous 
manner to an n-p-n device, but the collector current consists mainly of 
holes instead of electrons. The device described here is a junction transistor, 
as this type has replaced the earlier point-contact transistor. See also field- 
effect transistor. 

transition elements Elements that have chemical properties resembling those of 
their horizontal neighbours in the periodic table. These elements have 
incomplete inner electron shells and are characterized by their variable 
valences: they occur in the middle of the long periods of the periodic table. 

transition, nuclear A change in the configuration of an atomic nucleus. It may 
involve a transformation (e.g. by alpha- or beta-particle emission) or a 
change in energy level by the emission of a gamma-ray. 

transition temperature 1. Transition point. The temperature at which one form 
of a polymorphous substance (see polymorphism ) changes into another; the 
temperature at which both forms can co-exist. 2. See superconductivity. 

translatory motion A motion that involves a non-reciprocating movement of 
matter from one place to another. 

translucent Permitting the passage of light in such a way that an object can- 
not be seen clearly through the substance; e.g. frosted glass. 

transmission cpefficient See transmittance. 

transmission electron microscope See electron microscope. 

transmittance Transmission coefficient. T. When a beam of light (or other 
electromagnetic radiation) passes through a medium the radiation is 
absorbed to a greater or lesser extent (depending upon the medium and the 
wavelength of the radiation) and the intensity of the beam decreases. The 
ratio of the intensity after passing through unit distance of the medium to 
the original intensity is the transmittance. 

transmitter 1. The equipment required to broadcast electromagnetic radiation 
of. radio frequencies. The transmitter consists of devices for producing the 
carrier wave, modulating and amplifying it, and feeding it to the aerial 
system. 2. The part of a telephone system that converts sound waves into 
electric currents, or the part of a telegraph system that converts mechanical 
movements into electrical currents. 

transmutation of elements Changing one chemical element into another. Once 
the aim of a/chemy, it was subsequently held to be impossible; with the 
present knowledge of atomic structure it is seen that the process goes on 
continuously in radioactive elements. Artificial transmutation by suitable 
nuclear reactions is now commonplace in nuclear physics. See also transition, 
nuclear, and transformation, nuclear. e 

transparent Permitting the passage of /ight in such a way that objects can be 
seen clearly through the substance. Compare translucent. 

transponder Electronic equipment designed -to receive a specific signal and 
automatically transmit a reply. 
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transport number Transference number. The proportion of the total electric 
current passing through an electrolyte that is carried by a particular type of 
ion. The anion transport number plus the cation transport number equals 
unity. 

transuranic elements Elements beyond uranium in the periodic table; i.e. ele- 
ments of atomic number greater than 92. Such elements do not occur in 
nature, but may be obtained by suitable nuclear reactions; they are all 
radioactive and members of the actinide group. See Appendix, Table 8. 

transverse Cross-wise; in a direction at right angles to the length of the body 
under consideration. 

transverse waves Waves in which the vibration or displacement takes places 
in a plane at right angles to the direction of propagation of the wave; e.g. 
electromagnetic radiation. See also longitudinal waves. 

trapezium A quadrilateral having two of its sides parallel. The area of a trape- 
zium having parallel sides a and b units in length, and vertical 

height A units is given by h(a + b)/2. 

triangle A plane figure bounded by three straight lines. The three angles total 
180*. The area of any triangle is given by the following expressions: 1. 
Half the product of one of the sides and the perpendicular upon it from the 
Opposite vertex (4, X base X height). 2. Half the product of any two of the 
Sides and the sine of the angle between them (% be sin A). 3. [s(s - a Xs — 
bYs- c)]^, where a, b, and c are the lengths of the sides, and s is half 
the sum of a, b, and c. 

triangle of forces If three forces acting at the same point can be represented 
in magnitude and direction by the sides of a triangle taken in order, they 
will be in equilibrium. 

triangle of velocities If a body has three component velocities that can be 
represented in magnitude and direction by the sides of a triangle taken in 
order, the body will remain at rest. 

triatomic Having three atoms in the molecule, e.g. ozone, O3; having three 
replaceable atoms or radicals in the molecule. 

triazine C, H3N3. Three isomeric compounds having three nitrogen and three 
carbon atoms forming a six-membered ring. Cyclonite is a derivative of tria- 
zine. 

triazole C,H;N3. Four isomeric compounds having three nitrogen and two 
carbon atoms forming a five-membered ring. 

tribasic acid An acid. having three atoms of acidic hydrogen in the molecule, 
thus giving rise to three possible series of salts; e.g. phosphoric(V) acid, 
H3PO,, can give rise to trisodium phosphate(V), Nas PO, disodium hydro- 
gen phosphate(V), Na;HPO,, and sodium dihydrogen phosphate(V), 
NaH, PO4. (See sodium phosphates ). 

triboelectricity See electricity, frictional. 

tribology The study of friction and lubrication, i.e. the study of substances 
that..prevent contact between two moving surfaces to reduce wear, over- 
heating, and rust formation. Liquid hydrocarbons are the most widely used 
lubricants, but solid lubricants, such as graphite or molybdenum disulphide, 
are also used. Semisolid greases, made by mixing metallic soaps with hydro- 
carbon oils, are also widely used, especially on vertical surfaces. 
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triboluminescence The emission of fight when certain crystals (e.g. cane-sugar ) 
are crushed, as a result of electric charges generated by friction. 

tribromoethanol CBr;CH,OH. A white crystalline powder, m.p. 79-82*C., 
used as a veterinary anaesthetic. 


tribromomethane Bromoform. CHBr;. A colourless liquid, m.p. 8.3°C., b.p. 
149.5°C., used in organic synthesis. 

trichloroethanal Chloral. CCl;CHO. A pungent colourless liquid aldehyde, b.p. 
97.7°C., used in making DDT. 

2,2,2,-trichloroethanediol Chloral hydrate. CCl;CH(OH)). A white crystalline 
solid, m.p. 57°C., b.p. 97.8°C., used as a sedative and in the manufacture 
of DDT. It is made by adding water to trichloroethanal. 

trichloroethylene CHCI:CCl,. A colourless liquid, b.p. 87^C.; widely used as 
industrial solvent, in dry cleaning, and as an anaesthetic. 

trichloromethane Chloroform. CHCl}. A volatile colourless liquid with a strong 
sweet odour, b.p. 61°C. It can be made by the chlorination of methane and 
was formerly used as an anaesthetic, but because it can cause liver damage 
has now been replaced by other halogenated Aydrocarbons. It is used as a 
solvent and in organic synthesis. 

trichloronitromethane Chloropicrin. CCl;NO;. An oily liquid, b.p. 112°C. A 
highly poisonous and chemically active substance, it is used in disinfectants 
and fungicides. 


triethanolamine See erhanolanines. 


triethylamine (C; H5); N. A colourless inflammable liquid, b.p. 89—90*C., used 
as a solvent. 


triglycerides See glycerides. 


Figure 43. o 


trigonometrical ratios If a perpendicular AB is drawn from any point on arm 
OA of an angle AOB to the other arm, the following ratios are constant for 
the particular ángle: 48/40, sine (sin AOB ); OB/AO, cosine (cos AOB y 
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AB/OB, tangent (tan AOB); AO/AB, cosecant (cosec AOB y AO/OB, 
4 secant (sec AOB ); and OB/AB, cotangent (cot AOB ). See Fig. 43. 
trigonometry A branch of mathematics using the fact that numerous problems 
I may be solved by the calculation of unknown parts (i.e. sides and angles ) 
of a triangle when three parts are known. The solution of such problems is 
Á greatly assisted by the use of the trigonometrical ratios. 
2 trihydric Containing three hydroxy! groups in the molecule. See triols. 
trihydroxybenzoic acid Gallic acid. C; H)(OH) COOH. A yellowish crystalline 
substance, used in fanning and the manufacture of inks. 
triiodomethane See iodoform. 
trillion 10'5, a million million million (British); 10!2, a million million 
(American). 
4 trimer A substance composed of molecules that are formed from three mole- 
cules of a monomer. 


trinitrobenzene TNB C6H3(NO})3. Three isomeric crystalline compounds, m.p- 


% 121-127*C., used as high explosives, and having greater power than TNT. 

, 2,4,6-trinitrophenol See picric acid. 

> trinitrotoluene TNT. Methyl-2,4,6-trinitrobenzene. CH3CsH2(NO,)3. A pale 
yellow, crystalline solid, m.p. 82°C., made by the nitration of toluene(see 

: methylbenzene ). A widely used high explosive. 


triode A thermionic valve containing three electrodes; and anode or plate, a 
cathode, and a control grid. 

triolein Olein. (C,7H33COO)3.C3Hs. A glyceride of oleic acid, b.p. 
235-240°C. It is a liquid oil that occurs in many natural fats and oils. 

triols Trihydric alcohols derived from aliphatic hydrocarbons by the substitu- 
tion of hydroxyl groups for three of the hydrogen atoms in the molecule. 

triose A sugar containing three carbon atoms in the molecule. 

trioxoboric(III) acid See boric acid. 

trioxosulphuric(IV) acid See sulphuric acids. 

tripalmitin Palmitin. (Cis H31 COO).C3 Hs. A glyceride of palmitic acid, m.p. 
65.5*C., b.p. 310—320*C. It is a fat-like substance that occurs in palm-óil 
and many other natural fats and oils. 

triple bond Three covalent bonds linking two atoms in a chemical compound, 
e.g. ethyne, CH=CH. 

triple point The point at which the gaseous, liquid, and solid phases of a 
substance are in equilibrium. For a given substance, the triple point occurs 
at a particular temperature and pressure, e.g. for water it occurs at 273.16 K 

- and 611.2 Pa. 


trisaccharides A group of sugars the molecules of which consist of three mono- 
saccharides. 


trisodium phosphate(V) See sodium phosphates. ? 

tristearin Stearin. (Cj; H3 COO);.C5 Hs. A glyceride of stearic acid (octadeca- 
noic asid), m.p. 53.5*C. It is a fat-like substance that occurs in natural 
fats; it is formed by the hydrogenation of triolein. See hydrogenation of oils. 

tritiated compound A compound in which some hydrogen atoms have been 
replaced by tritium, so that it may be used in radioactive tracing. 

tritium T. 3H. A radioactive isotope of hydrogen with mass number 3 and 
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atomic mass 3.016. The abundance of tritium in natural hyrdogen is only 
one atom in 10!7, and its half life is 12.5 years. It can, however, be made 
artificially in nuclear reactors and tritiated compounds are used in radioactive 
tracing. 

triton The nucleus of a tritium atom. 

trivalent Tervalent. Having a valence of three. 

trochoid A curve formed by a point on the radius of a circle as the circle 
rolls along a straight line. If the point is on the circumference of the circle 
the curve is a cycloid. 

trochotron A multi-electrode thermionic valve used as a scaler. 

trona A natural crystalline double salt of sodium carbonate and sodium 
hydrogencarbonate, Na; CO4.NaHCO;.2H5O0, found in dried lakes. 

troostite 1. The constituent of steel produced when martensite is tempered 
below 450*C., consisting of ferrite and finely divided cementite. 2. Troostitic 
pearlite. The constituent of steel produced by the decomposition of austen- 
ite when cooled at a slower rate than yields martensite and a faster rate 
than yields sorbite. 

tropical year See year. 

tropine C; Hj 5NO. A white crystalline hygroscopic soluble alkaloid, m.p. 63°C. 

tropopause The boundary between the troposphere and the stratosphere. 

troposphere The lower part of the Earth's atmosphere in which temperature 
decreases with height, except for local areas of "temperature inversion'. See 
Fig. 44, under upper atmosphere. 

Trouton's rule The ratio of the molar latent heat of vaporization to the boiling 
point in kelvin is a constant for all substances. The rule is only approxi- 
mate. 

Troy weight 1 grain — 0.0648 gram. 

20 grains = 1 scruple. 

24 grains = 1 pennyweight. 

3 scruples = 1 drachm. 

8 drachms = 1 ounce Troy = 1.1 ounces avoirdupois. 

trypsin An enzyme produced by the pancreas. In the process of digestion it 
breaks up proteins into amino acids. 

tryptophan A colourless crystalline amino acid, m.p. 281-9°C., that is essen- 
tial to the diet of animals and occurs in the seeds of some vegetables. See 
Appendix, Table 5. 

tube of force A theoretical concept of a tube formed by the lines of force 
drawn out into space through every point on a small closed curve upon the 
surface of a charged conductor. 

tungstate A salt of tungstic acid. 

tungsten W. Wolfram. Element. R.a.m. 183.85. At. No. 74. A grey hard duc- 
tile malleable metal that is resistant to corrosion, r.d. 19.3, m.p. 3410*C., 
b.p. 5660°C. It occurs as wolframite, FeWO,, and scheelite, CaWO, and is 
Obtained by converting the ore to the oxide and then reducing the latter. It 
is used in alloys, in cemented carbides for hard tools, and for electric lamp 
filaments. The names tungsten and wolfram for this element were both offi- 
cially recognized in 1951. 

tungsten carbide WC. A grey powder, m.p. 2780°C., obtained by direct com- 
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bination of tungsten and carbon at 1600°C. It is almost as hard as dia- 
mond and is used in making abrasives and tools. 

tungsten trioxide WO;. A yellow insoluble powder, m.p. 1473°C., used in the 
manufacture of tungstates. 

tungstic acid H5; WO4. Hydrated tungsten trioxide. A white crystalline powder 
that loses a molecule of water at 100°C.; it is used in the manufacture of 
lamp filaments. 

tuning, radio See resonant circuit. 


tuning fork A two-pronged metal fork that, when struck, produces a pure fone 
of constant specified pitch. It is used in acoustics and for tuning musical 
instruments. 

tunnel diode Esaki diode. A semiconductor device that has negative resistance 
over a part of its operating range. It consists of a p-n semiconductor junc- 
tion in which both the p- and n- regions contain very large numbers of 
impurity atoms, thus producing a high potential barrier at the junction. If a 
small voltage is applied to the device, positive at the p- region, an electron 
current will flow (despite the high potential barrier) as a result of the 
tunnel effect. After a certain voltage has been reached this effect is reduced 
and the current declines with increasing voltage, thus exhibiting the nega- 
tive resistance characteristic. At higher voltages the normal majority carrier 
current flows and the current again increases with voltage. It is used in 
switching circuits and where low-noise amplification is required up to fre- 
quencies of about 1000 megahertz. 

tunnel effect The passage of an electron through a narrow potential barrier in 
a semiconductor, despite the fact that, according to classical mechanics, the 
electron does not possess sufficient energy to surmount the barrier. It is 
explained by quantum mechanics on the assumption that electrons are not 
completely localized in space, a part of the energy of the electron enabling 
it to ‘tunnel’ through the barrier. 

turbine Any motor in which a shaft is steadily rotated by the impact or 
reaction of a current of steam, air, water, or other fluid upon blades of a 
wheel. In an ‘impulse’ turbine the fluid is directed from jets or nozzles on 
to the rotor blades. In a ‘reaction’ turbine a ring of stationary blades 
replaces the nozzles and the rotor is driven by reaction between the fluid, 
the stationary blades, and the rotor blades. Many turbines work on a com- 
bination of the reaction and impulse principles. See also gas turbine. 

turbogenerator A steam turbine coupled to an electric generator for the pro- 
duction of electric power. It is the usual arrangement in a *conventional 
power station. H 

turbulent flow The type of fluid flow in which the motion at any point varies 
rapidly in direction and magnitude. 

Turkey-red oil A mixture of sulphate esters obtained by treatment of castor 
oil with sulphuric acid. It is used in dyeing. e. ms em 

Fentine Oil of turpentine. A liquid extracted by distillation o e resin o 

A. trees. B.p. CER TIS composed chiefly of pinene and is used 
as a solvent. 1 

turquoise Natural basic aluminium phosphate, coloured blue or green by 
traces of copper. 
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Twaddell scale A scale for measuring the relative density of liquids. Degrees 
Twaddell = 200 (r.d. —1); r.d. = 1 + degrees Twaddell/200. Named after 
W. Twaddell (19th century). 

tweeter A loudspeaker designed to reproduce the higher audiofrequency 
sounds, i.e. 5—15 Kilohertz. Y 

Tyndall effect The scattering of light by particles of matter in the path of the 
light, thus making a visible ‘beam’; a ray of light illuminates particles of 
dust floating in the air of a room as a result of the Tyndall effect. Named 
after John Tyndall (1820—93). 

type metal An alloy of 60% lead, 30% antimony, and 10% tin. Owing to the 
presence of antimony it expands on solidifying and thus gives a sharp cast. 

tyrosine A white crystalline amino acid, m.p. 310*—-320*C., obtained from 
most proteins. See Appendix, Table 5. 
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udometer Pluviometer. A rain gauge. 


ultimate stress Tenacity. The load required to fracture a material divided by 
. its original area of cross-section at the point of fracture. The ultimate stress 

is divided by the ‘factor of safety’, in order to obtain the ‘working stress’. 

ultracentrifuge A high speed centrifuge rotating at up to 60 000 rpm. It is 
used in the determination of the relative molecular masses of large molecules 
in high polymers and proteins. 

ultra-high frequencies U.H.F. Radio frequencies in the range 300 to 3000 
megahertz. 

ultramarine An artificial form of /apis lazuli, made by heating together clay, 
sodium sulphate, carbon, and sulphur. 

ultramicroscope An instrument, making use of the Tyndall effect for showing 
the presence of particles that are too small to be seen with the ordinary 
microscope. A powerful beam of light is brought to a focus in the fluid, 
against a black background; suspended particles appear as bright specks by 
Scattering the light. 

ultrasonic frequency A frequency in excess of about 20 000 hertz. 

ultrasonic generator A device for the production of pressure waves of 
ultrasonic frequency, usually using piezoelectric or ferroelectric materials Or 
magnetostriction to function as transducers. 

ultrasonics Supersonics. The Study of pressure waves that are of the same 
Nature as sound waves, but that have frequencies above the audible limit. 
Ultrasonic scanning is now widely used as a diagnostic tool in medicine, 
especially for examining fetuses that could be damaged by X-rays. 
Ultrasonics is also used industrially to form colloids, clean surfaces, and 
detect flaws in metals. E 

ultraviolet microscope A microscope in which the object is illuminated by 
ultraviolet radiation. Quartz lenses are used and the image is recorded .pho- 
tographically. As ultraviolet radiation is of shorter wavelength than visible 
light, greater magnification can be obtained than with an optical micro- 
scope. 

ultraviolet radiation Electromagnetic radiation in the wavelength range of 
approximately 4 x 10-7 to 5 x 10-9 metre; i.e. between visible light waves 
and X-rays. The longest ultraviolet’ waves have wavelengths just shorter 
than those of violet light, the shortest perceptible by the human eye. They 
affect photographic films and plates; their action on ergosterol in the 
human body produces vitamin D. Radiation from the Sun is rich in such 
rays būt most of it is absorbed by the ozone layer in the upper atmosphere. 
Ultraviolet radiation is produced artificially by the mercury-vapour lamp. 

umbra A region of complete shadow. See Fig. 38 under shadow. - 

uncertainty principle Indeterminacy principle. It is impossible to determine 
with accuracy both the position and the momentum of a particle (e.g. an 
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electron) simultaneously. The more accurately the position (x) is known, 
the less accurately can the momentum (p ) be determined. If the indetermi- 
nacy in the x-component of the momentum is Ap,, then Ap, Ax >h/4z, 
where h is the Planck constant. The principle, which was first stated by 
Werner Heisenberg (1901—76), arises from tle dual particle wave nature of 
matter. See De Broglie wavelength. 

unfilled aperture A method of constructing a radio telescope in which two 
aerials of different shapes are combined into one radio interferometer in 
such a way that only two perpendicular arms of the aerial system are built, 
giving the effect of two large apertures. The two arms may be spaced at 
varying distances apart, or they may be superimposed upon one another as 
in the ‘Mills Cross’ radio telescope. Unfilled aperture telescopes are suitable 
for use at long wavelengths. 

ungula A part of a cylinder or cone that is cut off by a plane not parallel to 
its base. 


uniaxial crystal A double-refracting crystal possessing only one optic axis. 

unicellular (Of an organism.) Consisting of only one cell (e.g. bacteria, proto- 
zoa, etc.). 

unified field theory A theory that attempts to describe the electromagnetic 
and gravitational fields in one set of equations. No such satisfactory theory 
has yet been devised. To achieve complete unification the theory would 
also have to explain strong and weak interactions. There has been some 
progress in the unification of the weak and electromagnetic interactions. 

unit A quantity or dimension adopted as a standard of measurement. 

unitary symmetry SU3. A method of classifying elementary particles according 
to their properties in a similar manner to the classification of atomic 
Properties in the periodic table. SU3 has successfully predicted the existence 
of particles that have subsequently been detected experimentally, e.g. 
omega-minus. The concept of SU3 has been extended to a larger symmetry 
group, called SU4, which leads to the concept known as charm. 

unit cell The unit of which a crystal /attice is constructed. For example, the 
body-centred and face-centred lattices are forms of a cubic unit cell. 

univalent (chem.) Monovalent. Having a valence of one. 

Universe The total of all the matter, energy, and space that man is capable of 
experiencing, or whose existence he can deduce or has grounds for postu- 
lating. The universe is currently best described in terms of a four-dimen- 
sional curved space-time continuum (see relativity); it contains some 104! 
kilograms of matter, collected in some 10° galaxies. See heat death of the 
Universe; steady-state theory; superdense theory. . 

unsaturated compound (chem.) A compound having some of the atoms in its 
molecule linked by more than one valence bond (see double bond and triple 
bond), a compound that can form addition compounds. 

unstable (chem.) Easily decomposed. o 

unstable equilibrium See stable equilibrium. 

upper atmosphere The upper atmosphere of the Earth is usually taken to 
include its gaseous envelope from 30 Kilometres upwards (i.e. the part of 
the atmosphere that is inaccessible to direct observations by balloons). 


425 


52 


3i 


a 8 » "UN 


383HdSOWIV S.HLYV3 JHL 


(NIA133)/ 3401 vu3dW31 (cw/B4)/ALISNaG 9801 


0091 OOFL COZ! OOO 008 009 OOF ooz €x v ere 8 Oe te wi 
: 


į 3H3HdSOdOHL 7 = lt a 
3H3HdS01VHIS 


NOI93H G 


(waa 
ATI3NN33 
3GISIAV3H) 
NOI93H 3 


(CELSA 
NO131ddV) 


3H3HdSONOI 


Figure 44. 
426 


ooz NOI93H 
4 


pr MN 2 


URETHANE RESINS 


Information is obtained from space probes and artificial Earth sarellites. See 
Fig 44. 

Up to about 100 km the composition of the upper atmosphere is similar 
to that at ground level (see atmosphere ). Above this height the dissociation 
of oxygen into atoms is almost complete, and at above 150 km the nitrogen 
separates out owing to its greater mass so that monatomic oxygen predomi- 
nates. There is considerable ionization in the upper atmosphere as a result 
of solar ultraviolet radiation and X-rays. See ionosphere. 

uracil Pyrimidinedione. C4H4N50;. A white crystalline pyrimidine base, m.p. 
338°C., that occurs in the nucleotides of ribonucleic acid. 

uraninite See pitchblende. 

uranium U. Naturally occurring radioactive element. R.a.m. 238.03, At. No. 
92. A hard white metal, r.d. 18.95, m.p. 1132*C., b.p. 3818*C. The natural 
element consists of 99.28% uranium-238 (half-life 4.5 x 10° years), 0.71% 
uranium-235 (half-life 7.1 x 108 years), and 0.006% uranium-234 (half-life 
2.5 x 105 years) Uranium-235 is capable of sustaining a nuclear chain 
reaction and is of greater importance in nuclear reactors and nuclear weap- 
ons. The principal ore is pitchblende. 

uranium dioxide Uranium(IV) oxide. UO. A black insoluble crystalline radio- 
active substance, m.p. 2500°C., used as a fuel in advanced gas-cooled reac- 
tors. 

uranium-lead dating Various methods of dating rocks that depend on the 
decay of one of the isotopes of uranium to lead. One method relies on 
measuring the ratio of radiogenic lead (Pb-206, Pb-207, and Pb-208) pre- 
sent in a sample of rock to the nonradiogenic lead (Pb-204). Another 
method relies on measuring the ratio of the helium present in a rock sam- 
ple to the amount of uranium. The decay U-238 —> Pb-206 releases eight 
alpha particles (helium nuclei). The methods are reliable for ages in the 
range 107-10? years. 

uranium trioxide Uranyl(VI) oxide. UO}. A red insoluble radioactive powder, 
which decomposes on heating. 

Uranus (astr.) A planet possessing five satellites, with its orbit lying between 
those of Saturn and Neptune. Mean distance from the Sun, 2869.6 million 
kilometres. Sidereal period (‘year’) 84 years. Mass approximately 14.52 times 
that of the Earth, diameter 50800 kilometres. Surface temperature, about 
—-240*C. 

uranyl The bivalent group, =UO , which forms salts with acids. 

urea Carbamide. CO(NH;);. A white crystalline organic compound, m.p. 
132°C., that occurs in urine. It was the first organic compound to be 
prepared artificially and is used as a fertilizer, in medicine, and in urea- 
formaldehyde resins. 

urea-formaldehyde resins Thermosetting resins with good oil resistant proper- 
ties, produced by the condensation polymerization of urea and formaldehyde 
(methanal ). ó 

urease An enzyme capable of splitting urea into ammonia and water. 

ureido The univalent radical, NH, CONH-, derived from urea. 

urethane resins Polyurethanes. A class of polymers chemically related to ure- 
thanes, generally made by condensation of isocyanates with polyhydric com- 
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pounds. They form valuable materials for a number of purposes, including 
the manufacture of coatings and foam plastics. x 

urethan(e)s Esters of carbamic acid, NH,COOH. The name is usually applied 
to ethyl carbamate, NH,COOC,Hs. 

ureylene group The divalent radical, -NHCONH-, derived from urea. 

uric acid CS H4N40,. An organic acid, belonging to the purine group; a col- 
ourless crystalline solid that is slightly soluble in water. It occurs in very 
small amounts in the urine of some animals as a breakdown product of 


amino acids and nucleic acids. Sodium and potassium salts of the acid are — 
deposited in the joints in cases of gout. 5 


VALENCE 


vacancy Schottky defect. An irregularity that occurs in a crystal lattice when a 
site normally occupied by an atom or ion is unoccupied. See defect; Frenkel 
defect. 

vaccine A preparation containing viruses ór other microorganisms (either killed 
or of attenuated virulence) that is introduced into the human system to 
stimulate the formation of antibodies. In this way immunity (partial or 
complete) to subsequent infection by this type of microorganism is con- 
ferred. 

vacuum A space in which there are no molecules or atoms. A perfect vacuum 
is unobtainable, since every material that surrounds a space has a definite 
vapour pressure, The term is generally taken to mean a space containing air 
or other gas at very low pressure. A low (or soft) vacuum is one in which 
the pressure is above 1074 mmHg, while in a high (or hard) vacuum it is 
below this figure. ‘Ultra-high’ vacua (i.e. vacua in which the pressure does 
not exceed 107° mmHg or 10-7 Pa) occur naturally at heights of more 
than 800 kilometres above the Earth’s surface, and by special techniques 
pressures of 10~!! Pa can be achieved in the laboratory. 

vacuum distillation The process of distillation carried out at a reduced pres- 
sure. The reduction in pressure is accompanied by a depression in the 
boiling point of the substance to be distilled, thus lower temperatures can be 
employed. This process therefore enables substances to be distilled, which 
àt normal pressures would decompose. 

vacuum evaporation A technique for covering a solid surface with a thin layer 
of a substance, The substance is heated in a vacuum, the atoms escaping 
from its surface being allowed to condense on the surface to be coated. 

vacuum pump Any device used to produce a low pressure. The common type 
of rotary oil pump can produce pressures down to 107? mmHg, below this 
pressure a condensation pump is required. 

vacuum tube See thermionic valve; discharge in gases. 

valence The combining power of an atom; the number of hydrogen atoms 
that an atom will combine with or replace. E.g. the valence of oxygen in 
water, H5O, is 2. The electronic theory of valence provides an explanation 
of chemical bonds based on the assumption that certain arrangements of 
outer electrons in atoms (e.g. octets or outer shells of eight electrons) are 
stable and tend to be formed by the transfer or sharing of electrons 

between atoms. The chief types of linkage are: (1) electrovalent or ionic 
bonds formed by the transfer of electrons from one atom to another; the 
atom that loses an electron becomes a positive ion, and the other a nega- 
tive ion. This provides an explanation of the behaviour of electrolytes. (2) 
Covalent bonds. The sharing of a pair of electrons, one being provided by 
each atom. This applies to many non-ionizable, bonds, e.g. those in most 
organic compounds. If both electrons in a covalent bond are donated by the 
same atom, the'bond is referred to as a coordinate or dative bond. Many 
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bonds possess electronic configurations intermediate between the above 
forms. See resonance (chem.); benzene ring; hydrogen bond. 

valence band The range of energies (see energy bands) in a semiconductor 
corresponding to states that can be occupied by the valence electrons bind- 
ing the crystal together. Electrons missing from the valence band give rise 
to holes. 

valence bond The link holding atoms together in a molecule. In the case of 
two univalent atoms joined together, a single valence bond holds them 
together; it is possible for an atom to satisfy two or three valence bonds of 
another atom, giving rise to a double or triple bond. 

valence electron An outer electron of an atom that takes part in formation of 
a valence bond. electrovalent 

valeric acid See pentanoic acid. 


valine A white crystalline soluble amino acid that occurs in most proteins. It is 
used in medicine and culture media. See Appendix, Table 5. 
valve See thermionic valve. 


vanadate A salt or ester of vanadic acid. 


vanadic acid HVO;. A yellow insoluble crystalline substance. Other acids are 
formed by the addition of water molecules, e.g. H4 VO4. 

vanadium V. Element. R.a.m. 50.942. At. No. 23. A very hard white metal, 
r.d. 6.11, m.p. 1890°C., b.p. 3380*C. It occurs in a few rather rare miner- 
als, such as carnotite and patronite. It is used in vanadium steels. 

vanadium pentoxide Vanadium(V) oxide. V20s5. A yellowish crystalline sub- 
stance, m.p. 690°C., used as a catalyst in oxidation processes in gases. 

vanadyl The divalent group — VO», which forms salts with acids. 

Van Allen radiation belts Two belts of charged particles trapped within the 
Earth's magnetic field, which were discovered by J. Van Allen (born 1914) 
in 1958 from the results of artificial satellite and space probe experiments. 
The inner belt, ranging from 2400 to 5600 km above the Earth’s surface, is 
believed to consist of secondary charged particles emitted by the Earth’s 
atmosphere as a consequence of the impact of cosmic rays. The outer belt 
lies between 13 000 and 19000 km above the Earth, and it is believed that 
the particles it contains originate from the Sun. k 

Van de Graaff generator An electrostatic generator for producing high voltages 
for use with particle accelerators and for other purposes. It consists of a 
large metal dome fed with charged particles by an endless insulated belt. 
Voltages of several megavolts can be achieved. The apparatus works with 
either an electron source or a positive-ion source. Named after R. J. Van 
de Graaff (1901—67). i 

Van der Waals’ equation of state For a mole of a substance in the gaseous or 
liquid phases: 

(p + a/V?YV - b) = RT, 
where p — pressure, V — volume, T — thermodynamic temperature, R= the 
gos constant, a/V? is a correction for the mutual attraction of the molecui zi 
(see Van der Waals' forces), and b is a correction for the actual yorume ol 
the molecules themselves. The equation represents the EN o E unary 
gases more correctly than the perfect gas equation pV = RT. Named after 
J. D. Van der Waals (1837—1923). 
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Van der Waals’ force An attractive force existing between atoms or molecules 
of all substances. The force arises as a result of electrons in neighbouring R 
atoms or molecules (see atom, structure of) moving in sympathy NE ae 
another. This force is responsible for the term a/V* in Van Ld Wan x 
equation of state. In many substances this force is small compared wi 
other inter-atomic attractive and repulsive forces present. 

vanillin CH; O(OH)C;H4CHO. A white insoluble crystalline substance, ne 
80-81°C., obtained from vanilla beans synthesized from lignin; it is us 
as a flavour and in perfumes. l war i fe 

Van't Hoff's law The osmotic pressure of a dilute solution is equal to J e 
Pressure that the solute would exert in the gaseous state, if it occupie bs 1 
volume equal to the volume of the cu at the same femperature. 

Named after Jacobus Van't Hoff (1852-1911). É , 

vapour A substance in the gaseous state that can be liquefied by PR 
the pressure without altering the temperature. A gas below its critic 
perature, i 

vapour density A measure of the density of a gas or vapour; usually gue 
Telative to oxygen or hydrogen. The latter is the ratio of the mes o $ 
certain volume of the gas to the mass of an equal volume of yi roge a A, 
Measured under the same conditions of femperature and pressure. Numeri 
cally this ratio is equal to half the relative molecular mass of the gas. 

vapour pressure All liquids and solids give off vapour, consisting of iro 
Of the Substance. If the substance is in an enclosed space, the pressure O! 
the vapour will reach a maximum that depends only upon the nature of 
o Substance and the temperature; the vapour is then saturated and its 

" Pressure is the saturated vapour pressure. s 
arec Kelp. The ash of seaweed, from which iodine is extracted. 


variable (math.) 1. A symbol or term that assumes, or to which may xe n 
assigned, different numerical values. An ‘independent variable us Meer ; 
in a function that determines the value of other variables. A ‘depen 4 


N 3 A m 2 
Variable’ has its value determined by other variables. E.g. in y 3 oe en 
X is the independent variable and y is the dependent variable. ^. 


Constant, Th 
i iati e 
Variance 1. (statistics) The square of the mean deviation. 2. (chem.). 
number of degrees of freedom that a system can have. d 


i ing to 
variate (statistics) A variable that can have any of a set of values according 


specified probabilities. i ie. i 

variation (math.) If a quantity y is some function of another quan 5s 
Y = fx), then, as x varies, y varies in a manner decina Aid to vary 
tion. If lx) = x x a (where a is a constant), then E E Nu en 
directly as x, or to be directly proportional to x, y = aX. Ao ays 
5 said to vary inversely as x, or to be inversely proportion mA 
a/x. 

Variometer A variable inductance consisting of tyo: cosin 
that one coil can rotate within the other. It is also us 
measuring inductance. 

Vaseline* See petrolatum. 


vat dyes A class of insoluble dyes that are applied by first reducing them to 


series, arranged ES 
ed as a means of 


B 
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leuco-compounds, which are soluble in alkalis. The solution is applied to the 
material, and the insoluble dye is regenerated in the fibres by oxidation. 
Indigo and many synthetic dyes belong to this class. 

VDU See visual-display unit. 

vector Any physical quantity that requires a direction to be stated in order to 
define it completely. E.g. velocity. 

vectors, parallelogram of If a particle is under the action of two like vector 
quantities, which are represented by the two sides of a parallelogram drawn 
from a point, the resultant of the two vectors is represented in magnitude 
and direction by the diagonal of the parallelogram drawn through the 
point. 

vectors, triangle of If a particle is acted upon by two vector quantities repre- 
sented by two sides of a triangle taken in order, the resultant vector i$ 
represented by the third side of the triangle. 

vegetable oils Oils obtained from the leaves, fruit, or seeds of plants; they 
consist of esters of fatty acids and glycerol. See also fats and oils. 

velocities, parallelogram of A special case of the parallelogram of vectors. See 
parallelogram of velocities. 


velocities, triangle of A special case of the triangle of vectors. See triangle of 
velocities. 

velocity v. The vector of speed; i.e. the speed of a body in a specified direc- 
tion; the rate of displacement (s) in a given direction grves a velocity, Y = 
ds/dt. It is measured in metres per second. 

yelocity, relative The velocity of one body relative to another is the rate at 
which the first body is changing its position with respect to the second. If 
the velocities of two bodies are represented by two sides of a triangle taken 
in order, their relative velocity is represented by the third side. 

velocity modulation The modulation of the velocity of a stream of electrons by 
alternately accelerating and decelerating them. See also Klystron. 

velocity of light See light, speed of. 


velocity ratio of a machine Distance ratio. The ratio of the distance through 
which the point of application of the applied force moves, to the distance 
through which the point of application of the resistance moves in the ‘same 
time. For an ‘ideal’ machine, which requires no energy to move its compo- 
nent parts, the velocity ratio is equal to the mechanical advantage. 

Venetian white A mixture of lead carbonate (white lead) and barium sulphate 
(blanc fixe) in equal parts. It is used in paints. Y 

Venturi tube A device for measuring the rate of flow of a fluid; it consists of 
an open-ended tube flared at each end, so that the fluid velocity in the 
narrow central portion is higher than at the flared ends. The fluid velocity 
can be calculated from the difference in pressure between the centre and 
the ends. Named after G. B. Venturi (1746—1822). 

Venus‘{astr.) A planet with its orbit between those of Mercury and the Earth. 
Mean distance from the Sun, 108.21 million kilometres. Sidereal period 
(year), 224.701 days. Mass, approximately 0.815.that of the Earth, diame- 
ter 12 300 kilometres. There is no evidence of oxygen !n QE e of 
the planet, but the Mariner space probe indicated that -ts surface tempera- 
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ture is about 425°C. and that it is covered by a dense cloud layer with 
freezing temperatures high up in the atmosphere. 

verdigris A green deposit formed upon copper; it consists of basic copper(II) 
carbonate or sulphate, i.e. CuCO3.Cu(OH),and CuSO;.Cu(OH);.H5O, in 
variable proportions. The basic chloride is also present in some atmo- 
spheres, i.e. CuCl;.Cu(OH);. 

vermicide A substance used to kill worms. 

vermiculite A group of low-grade micas that expand and exfoliate on heating 
to a light water-absorbent material. They are used in the exfoliated form as 
heat and sound insulating materials, and in special (potting) soils. 

vermifuge A substance used for expelling (or killing) intestinal worms. 

vermilion A scarlet form of mercury(I) sulphide, HgS; it is used as a pigment. 


MAIN SCALE 


VERNIER SCALE 


Figure 45. 


Vernier A device for measuring subdivisions of a scale. For a scale graduated 
in (say) centimetres and tenths, a vernier consists of a scale that slides 
alongside the main scale, and on which a length of nine-tenths of a cm is - 
subdivided into ten equal parts. Each vernier division is thus 0.09 cm. If it 1 
is desired to measure a length AB, the main scale is placed with its zero 
mark at A, and the vernier scale is slid till its zero mark is at B. By noting 
which division on the vernier scale is exactly in line with a division on the 
Main scale, the second decimal place of the length AB is obtained. Thus, if 
B falls between 4.6 and 4.7 cm on the main scale, and the fourth division 
on the vernier scale is just in line with a main scale division line, the 
length AB is 4.64 cm. See Fig. 45. Named after Pierre Vernier 
(1580-1637). 

vernier motor (engine) A small rocket motor used to correct the flight path or 
velocity of a missile or spacecraft. 

versed sine One minus the cosine of an anglé (see trigonometrical ratios ). 

vertex 1. (math.). The point on a geometrical figure furthest from the base. 2. 
(astr.). The point on the celestial sphere towards which, or from which, a 
Star appears to move. 3 

Very high frequencies VHF. Radio frequencies in the range 30 .to 300 
megahertz. 

very low frequencies VLF. Radio frequencies below 30 kilohertz. " 

vesicant Blister-producing. ^ 

vibration, plane of-see polarization of light. 
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vicinal When two similar substituents are added to a carbon compound, the 
positions of the substituents (or the molecule itself) are referred to as ‘vici- 
nal’ (or vic-) if the substituents have attached to adjacent carbons and 
‘gem’ if they have attached to the same carbon atom. A 

video-frequency signal The signal that transmits the Picture and synchronizing 
information in a television system. 

vinasse The residual liquid obtained after fermentation and distillation of beet- 
Toot molasses. It is used as a source of potassium carbonate. 

vinegar A liquid containing 3%-6% ethanoic acid, obtained by the oxidation of 
ethanol by the action of bacteria on wine, beer, or fermented wort. 

vinyl The unsaturated univalent radical CH) :CH-. 

vinyl acetate See ethenyl ethanoate. 

vinyl chloride See chloroethene. 

vinylene The bivalent radical -CH:CH-. 

vinyl ether See divinyl ether. 

vinylidene The unsaturated bivalent radical CH2:CH=. 

vinylidene chloride CH5;:CCh. A colourless inflammable liquid, b.p. 32*C., 
that polymerizes to form polyvinylidene chloride. 


Virgin neutrons Neutrons, produced by any means, before they have expe- 
rienced a collision. 


virial equation A gas /aw that attempts to account for the behaviour of a real 
gas. It usually takes the form: 
py = RT + Bp + Cp? + Dp?..., 
where B,C,D are empirical constants known as the virial coefficients. 
virology The study of viruses and the diseases they cause. 
virtual image See image, virtual. 


virtual state In classical physics a force between bodies not in contact (e.g 
electrostatic repulsion) is represented by a field. In quantum mechanics this 
force may be represented by an exchange of particles between the interact- 
ing bodies, The exchanged particle is not in a 'real' state, however, 
although its properties can be calculated; such a particle is described as 
existing in the virtual state. E.g. electrically charged particles may be EU. 
alized as interacting as the .Iesult of the exchange of virtual photons. 
virtual particle that is responsible for a force can, by the addition of energy 
to the system, be converted into a real particle. The virtual state depends 
upon the concept of indeterminism expressed in the uncertainty principle. 

virtual work If a body, acted upon by a system of forces, is imagined to 
undergo a small displacement, then in general the forces will do work, 
termed the virtual work of the forces. If the body is in equilibrium, the 
total virtual work done is zero. This principle of virtual work is used to 
determine the positions of equilibrium of a body or a system of bodies 
under the action of given forces, and to determine relations between the 
forces acting on such a system in a given equilibrium position. R , 

virus A disease-producing particle, too small to be seen by an optical ee 
scope but visible with an electron microscope. Viruses are only capal e of 
multiplication within a living cell, each type of virus pu Ei specific 
host cell. The simplest virus consist of a single helical strand of ri onucleic 
acid coated with protein molecules (see tobacco TEE virus ). The active 
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e e these viruses resides in the RNA as it is only this part of the 

Ends Et enters the cell. Other viruses are considerably more complex 

bithe x € up to 0.2 micrometre in diameter. Viruses are considered to be 
5 borderline between the animate and the inanimate. See also bacteri- 
phage. 

Une darc for the measurement of viscosity. In the Ostwald 
Capillary e time taken for a liquid to fall to a specified level through a 
Which 4 bar from a bulb above, is measured. In another type the speed at 

ose A falls through a liquid is measured. 

Bihia thick treacly brownish liquid, consisting mainly of a solution of 
epee, Samen dilute sodium hydroxide. It is made from cellulose by 
ARS of sodium hydroxide and carbon disulphide. It is used for the 
Een of viscose rayon and of cellulose film, of the type used for 
viscose arent wrappings. 
JA The property of a fluid that enables it to resist flowing when it is 
e our shear stress. If different layers of a fluid are moving with 
faster-movi locities, viscous forces come into play. tending to slow down the 
For ving layers and to increase the velocity of the slower-moving lay- 
i two parallel layers in the direction of flow, a short distance apart, 
scous force is proportional to the velocity gradient between the layers 


(se > 
* Newtonian fluid), ie. F = 7A.dv/dx, where A is the area of the adja- 
ity called the coefficient of 


| seconds (SI units) or 


Poi. 3 
Vice pre units). 1 centipoise = 107 
visible 5 aving high viscosity; a viscous liquid drags in a treac! 
an, RUE The range of electromagnetic radiations that are visible to 
Vision s € spectrum colours. 
Visual bus Photopic vision; scotopic vision. 
optical » A binary star system that can be resolve 
Visual-dispy 55 See also spectroscopic binary. 
ode-ray a unit VDU. A computer peripheral device whose output isa cath- 
Consisting 3. for displaying text or diagrams. It may have an input device 
visual Of a keyboard or it may be a light pen. 
italie ie s edonai, 
are due TR The view that life, and all consequent 
Vitamins A O a ‘vital force’. 
Various REM food factors. A group of orga 
leads to verd which are necessary for a normal diet. Absence or shortage 
the vitamins dd deficiency diseases. Before the chemical nature of any of 
Vitamin A, C orm they were named by the letters of the alphabet. 
liver, pou EE occurs in milk, butter, green vegetables, and in 
and ultimately Merl Deficiency causes ‘night-blindness’ (see rhodopsin ) 
Membranes to MS eye troubles; the resistance of the mucous 
body from carotene. Vaga SO decreases. This vitamin can be made in the 
has been shown to be ede B, originally regarded as a single substance, 
complex; these occur in wpe E CUP Of compounds termed the vitamin B 
eat-germ, yeast, and other sources. Bj see 
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d into two stars with an 


biological phenomena, 


nic substances, occurring in 


 VITREOSIL* 


thiamin; B see riboflavin (also called vitamin G); Bg see pyridoxine; Bia 
see cyanocobalamin; B, see folic acid (also called vitamin M). See also other 
members of the complex, nicotinic acid, inositol, pantothenic acid, choline, 
and biotin (also called vitamin H). Vitamin C see ascorbic acid. Vitamin D 
consists of several compounds, all of which are sterols. The most important 
is calciferol. Vitamin E see tocopherol. Vitamin F see linoleic acid. Vitamin 
G (B;) see riboflavin. Vitamin H see biotin. Vitamin K consists of naphtho- 
quinone compounds whose deficiency causes haemorrhage. Vitamin M (Be) 
see folic acid. 

Vitreosil* A translucent form of silica, SiO}, prepared from sand. It is used 
for making laboratory apparatus that is required to withstand large and 
sudden changes in temperature as it does not crack owing to its very low 
expansion. 

Vitreous Pertaining to, composed of, or resembling glass. 

vitriol Concentrated sulphuric acid, H2504, oil of vitriol; copper(II) sulphate, 
CuSO,.5H,O, was formerly called blue vitriol; ferrous sulphate, 
FeSO,.7H20, was called green vitriol; zinc sulphate, ZnSO4.7H5O, was 
Sometimes known as white vitriol. 

volatile Passing readily into vapour; having a high vapour pressure. 

volcanic rock See igneous rock. 


volcano A gap in the Earth's crust from which hot gases, liquid magma, and 
ash can escape. The conical hill or mountain above it is formed from an 
accumulation of the /ava and ash. Chains of volcanos are formed at the 
margins of lithospheric plates (see plate tectonics), where one plate is 
pushed underneath the next plate. 

volt The derived SI unit of electric potential defined as the difference of 
potential between two points on a conducting wire carrying a constant 
current of one ampere when the power dissipated between these points is 
one watt. It is also the unit of potential difference and electromotive force. 1 


volt = 108 electromagnetic units. Symbol V(=W/A). Named after Alessan- 
dro Volta (1745—1827) 


voltage The potential, potential difference, or electromotive force of a supply of 
electricity, measured in volts. 

voltage divider Potential divider, potentiometer. A resistor or series of resistors 
connected across a source of voltage (V) and tapped at a point to give a 
fraction (v) of the total voltage. In Fig. 46: 

WV = ry/(rj + n). 

voltage doubler An electronic circuit that delivers a direct current voltage 
approximately twice the peak alternating current voltage it feeds on. It usu- 
ally consists of two rectifiers whose outputs are connected in series. 

voltaic cell See cell (phys.). 

voltaic pile The earliest electric battery, devised by Volta. It consists of a 
number of cells joined in series, each consisting of a sheet of zinc and 
copper separated by a piece of cloth moistened with dilute sulphuric acid, 

voltameter Coulometer. An electrolytic cell in which a metal, generally silver 


i i i f the metal upon the 
or copper, is deposited by electrolysis of a salt ol 
cathode. From the increase in mass of the cathode and a knowledge of the 
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voltme: t 
ter An instrument for measuring the potential difference between two 


Vulcanized 
Vulg Tubber The product obtained by heating rubber with sulphur. 


electrochemical equi 7 
quivalent of the metal, the uantity of electricity that has — 
Passed through the circuit may be found. s a yates 


Figure 46. 


oj ; 

EA p principle it consists of an arrangement similar to an ammeter 

being E resistance in series incorporated in the instrument, the scale 

etween rated in volts. When the instrument is connected in parallel 
the points at which the p.d. is being measured, very little current 


ing the reacting solu- 
is often shown by a 


pegs 
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WANKEL ROTARY ENGINE 


Wankel rotary engine Epitrochoidal engine. A type of internal-combustion 
engine employing a 4-stroke cycle, but without reciprocating parts. It con- 
sists essentially of an elliptical combustion chamber fitted with valveless 
inlet and outlet ports, and a conventional sparking-plug. An epicyclically- 
driven roughly triangular-shaped piston rotates within this chamber divid- 
ing it into three gas-tight sections, the volume of each of which varies as 
the piston rotates. The explosive mixture sucked in through the inlet port is 
compressed by the rotating piston and exploded by the sparking-plug. The 
explosion provides the power to rotate the piston and sweep the exhaust 
gases round to the outlet port. The small number of moving parts and the 
absence of vibration are the chief advantages of this type of engine 
although the problem of making an effective seal between the piston edges 
and the walls of the chamber have made it unsatisfactory in use. Named 
after Felix Wankel (b. 1902). 

warfarin Cj 5 Hi5O4. A colourless crystalline substance, m.p. 161°C., used as 
a rat poison and an anticoagulant in medicine. 

washing-soda Crystalline sodium carbonate, Na; CO3.10H5O. 

water H5O. The normal oxide of hydrogen. Natural water (river, spring, rain, 
etc.) is never quite pure but contains dissolved substances. Pure water is a 
colourless, odourless liquid, m.p. 0*C., b.p. 100*C., which has a maximum 
density at 3.98*C. of 1.000 gram per cm? (1000 kg m-?) Liquid water 
consists of associated polar molecules, (H5 O),, with hydrogen bonds between 
the molecules. 

water equivalent (phys.) See heat capacity. 

water, expansion of Water on cooling reaches its maximum density at 3.98°C. 
when its density is 0.999973 g/cm; it then expands as its temperature 
falls to 0°C., the density at 0° being 0.999 841 g/cm>; on freezing, it 
expands still further, giving ice with a density of 0.9168 g/cm? at 0°C. This 
accounts for the bursting of water-pipes in frosts, and the fact that ice 
floats on water. 

water gas A fuel gas obtained by the action of steam on glowing hot coke; 
the gas formed consists of carbon monoxide and hydrogen. The formation 
of water gas is accompanied by absorption of heat (an endothermic reac- 
tion); thus the coke is rapidly cooled and has to be reheated at intervals 
by a blast of hot air, which causes partial combustion and makes the coke 
incandescent again. 

water glass See sodium silicate. 

water of crystallization A definite molecular proportion of water chemically 
combired with certain substances in the crystalline state; e.g- the crystals of 
copper(II) sulphate contain 5 molecules of water with every molecule of 
copper(II) sulphate, CuSO4.5H5 0. The water molecules may form bonds 
with the ions of the salt or they may occupy positions in the crystal lattice. 

In the case of copper(II) sulphate, for example, four of the water molecules 
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form coordinate bonds with the copper ions. These bonds break at about 

100*C., leaving a monohydrate in which one water molecule is held by a 
hydrogen bond to the sulphate ion. This bond breaks at a temperature of 
250°C., when the substance becomes anhydrous. 

Water softening The removal of the causes of hardness of water (see hard 
water). It generally depends on the precipitation or removal from solution 
of the metals the salts of which cause the hardness. 

water vapour Warer in the gaseous or vapour state; it is present in the atmos- 
phere in varying amounts. See humidity. 

watt The derived SI unit of power, equal to one joule per second. The energy 
expended per second by an unvarying electric current of 1 ampere flowing 
through a conductor the ends of which are maintained at a potential differ- 
ence of 1 volt. It is equivalent to 107 ergs per second. The power in watts 
is given by the product of the current in amperes and the potential differ- 
ence in volts. 1000 watts = 1 kilowatt; 745.7 watts = 1 horsepower. Symbol 
W (—J/s). Named after James Watt (1736-1819). 

Wattage Power measured in watts. 

Wattmeter An instrument for the direct measu 
an electrical circuit. 

Watt-second A unit of work or energy equivalen 
watt-hour. 

Wave A periodic disturbance in à medium 
displacement of material particles or a 
quantity, such as. temperature, pressure, electric 
Strength, etc. See wave motion. 

x equation The equation that gives mathematical expression to wave 

lon: 


rement of the power, in watts, of 
t to one joule. See also kilo- 


or in space that involves the elastic 
periodic change in some physical 
potential, electromagnetic field 


ya = 1/c2.8>y/61? 
Where V? is the Laplace operator, Y is the wave function, c is the speed of 
light, and t is the time at any instant. See also Schrédinger’s wave equation. 

Wave form The shape of a wave, illustrated graphically by plotting the values 

_of the periodic quantity against time. 

wave front The locus of adjacent points in the path of a 
possess the same phase. 

E function In wave mechanics, orbital electrons are not treated as particles 
ene in precisely defined orbits, but as 3-dimensional standing wave Sys- 
TE repented by a wave function, y, the magnitude of which represents 
BONS TS amplitudes of the wave system at various points around the 
ble E The volume containing all the points at which y has an apprecia- 
eheu is called the orbital of the electron. Thus, according to wave 
defined wi die precise position and velocity of an electron (which cannot be 
that ithout error, see uncertainty principle) is replaced by a probability 

an electron, visualized as a particle, will be present in 3 volume ele- 


ment dV. The probability of finding it at a certain point is zero.oSee also 


wave equation. 
wave guide A ho 
hóllow metal conductor through which microwaves may be prop- 


agated. Havin ^ 
extensively in EE rectangular or circular tross-sections, they are used 


wave motion that 
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wavelength A. The distance between successive points of equal phase of a 
wave; e.g. the wavelength of the waves on water could be measured as the 
distance from crest to crest. The wavelength is equal to the speed of the 
wave motion divided by its frequency. For electromagnetic radiation A = ¢/V, 
where c is the speed of light and v is the frequency. 


wave mechanics A development of quantum mechanics. Every particle is con- J 
sidered to be associated with a periodic wave, whose frequency and ampli- 
tude are determined by rules (see de Broglie wavelength ) derived partly by 
analogy with the propagation of light waves, partly by ad hoc hypothesis ! 
from known quantum conditions, and partly from necessary conditions of 
continuity. These waves, however, are not conceived as having any real 
physical existence, the term ‘wave’ being really used only by analogy as a 
description of the mathematical relations employed, since in all but the 
simplest cases the waves would have to be imagined in a ‘hyperspace’ of 
very many dimensions. Wave mechanics is based on Schrüdinger's wave 
equation relating the energy of a system to its wave function, only certain 
values for which are allowed (see eigenfunction ). 

wavemeter An instrument for measuring the wavelength of a radio frequency 
electromagnetic radiation. Up to about 100 MHz a tuned circuit is used, but 
above this frequency a cavity resonator in a waveguide is employed. 

wave motion The propagation of a periodic disturbance carrying energy. At 
any point along the path of a wave motion, a periodic displacement or 
vibration about a mean position takes place. This may take the form of a 
displacement of air molecules (e.g. sound waves in air), of water molecules 
(waves on water), a displacement of elements of a string or wire, displace- 
ment of electric and magnetic vectors (electromagnetic waves), etc. The 
locus of these displacements at any instant is called the wave. The wave 
motion moves forward a distance equal to its wavelength in the time taken 
for the displacement at any point to undergo a complete cycle about its 
mean position. See longitudinal waves; transverse waves. 

wave number c = 1/A. The number of waves in unit length. It is the recipro- 
cal of wavelength. 


wave theory of light The theory that light is propagated as a wave motion, (see 
electromagnetic radiation ). Formerly the existence of a medium, the ether, 
was postulated for the transmission of light waves. This hypothesis has 
been rejected as unnecessary, and the classical wave theory has been modi- 
fied to include the dual particle (photon) wave concept, which is required 
to explain all the observed phenomena. See complementarity. 

wax True waxes (e.g. beeswax ) are simple lipids consisting of esters of higher 
fatty acids than are found in fats and oils, with monohydric alcohols. The 


deme A 


term is often loosely applied to solid, non-greasy, insoluble substances that 

soften or melt at fairly low temperatures, e.g. paraffin wax. 
weak acid An acid, such as ethanoic acid, that is only partly dissociated in 

solution. Compare strong acid. 
weak electrolytes See electrolytic dissociation. 


weak interactions A fundamental interaction between elementary particles that R 
is some 1012 times weaker than strong interactions. Beta decay is a form of 
weak interaction. It is thought that such interactions are the result of an 
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exchange of virtual particles (see virtual state) called intermediate vector 
bosons. 

Weber The derived SI unit of magnetic flux defined as the flux that, linking a 
Circuit of one turn, produces in it an E.M.F. of one volt as it reduces to 
Zero at a uniform rate in one second. Syntbol Wb(— Vs). 1 weber = 108 
maxwells. Named after Wilhelm Weber (1804-91), 

weight The force of attraction of the Earth on a given mass is the weight of 
that mass. Being a force, weight is correctly measured in units of force, 
such as the newfon. The weight of a mass m, is equal to mg, where g is the 
acceleration of free fall. Thus the weight of a body depends on its geo- 
graphical position (because of the variation in the value of g). The weight 


of a body is sometimes loosely expressed in units of mass, though this is 
not correct scientifically. 


weight, British units of Avoirdupois weights. 
437%, grains = 1 ounce 
7000 grains = 16 ounces = 1 pound = 0.453 592 kilograms 
14 pounds = 1 stone 
2 stone = 1 quarter 
4 quarters = 1 hundredweight 
2240 pounds = 20 cwt = 1 ton 
2000 pounds = 1 short ton 
See Appendix, Table 1. 
weight, metric units of. 
1000 milligrams = 1 gram = 15.432 grains 
1000 grams = 1 kilogram = 2.204 62 Ib 
1000 kilograms = 1 tonne = 0.984 207 ton 
See Appendix, Table 1. 
weightlessness A condition in which a body is infinitel 
body so that it experiences no gravitational force. 
can be simulated in space when the Earth’s gravita! 


Weston cell Cadmium cell. A primary cell used as a standard of E.M.F. It 
produces 1.0186 volts at 20°C. It consists of a mercury anode covered with 
mercury(I) sulphate and a cadmium amalgam cathode coated with cadmium 
sulphate crystals. The electrolyte is a saturated solution of cadmium sulphate. 

wet and dry bulb hygrometer An instrument for determining the relative 
humidity of the atmosphere. It consists of a pair of thermometers side by 
Side, the bulb of one being surrounded by moistened muslin. This one will 
indicate a lower temperature than the other, on account of loss of heat by 
evaporation; the difference in the readings will depend upon the relative 


umidity, which can be found by reference to special tables calculated for 
© purpose, 


wetting agent A 
whale oil Anim, 


Substance that lowers the surface tension of a liquid. 
alfat obtained from the fatty layer of blubber of true whales, 
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After extraction it is divided into various fractions and used for soap man- 
ufacture and other purposes; on hydrogenation a hard tasteless edible fat is 


obtained. As whaling is now restricted, substitutes are usually used for 
whale oil. 


Figure 47. 


Wheatstone bridge A divided electrical circuit used for the measurement of 
resistances. When no current flows from C — D, as indicated by the 
absence of deflection on the galvanometer G, R,/Rz = R3/R4, where Ri» 
etc,, are resistances. See Fig. 47. This principle is applied in the metre 
bridge. A wire, AB, of uniform resistance and generally 1 metre in length, 
corresponds to Ra and Ry in the Wheatstone bridge diagram; for R, a 
standard resistance is used, while R, is the resistance to be measured. By a 
sliding contact a point of no deflection in the galvanometer is found along 
AB, the resistances R4 and R4 being proportional to the lengths cut off. 
Named after Sir Charles Wheatstone (1802-75). 
whistler An atmospheric whistle of descending pitch that can be picked up 
under certain circumstances by a radio receiver. It is caused by electromag” 
netic radiations, produced by lightning flashes, which follow the lines of 
force of the Earth’s magnetic field and are reflected back to Earth by the 
ionosphere. 
white arsenic See arsenic trioxide. 
white bronze Bronze that contains a high proportion of tin. 
white dwarf A class of small highly dense stars of low luminosity. They are 
the remnants of stars that have consumed nearly all their available hydro- 
gen. Owing to their small size they have high surface temperatures and 
therefore appear white. See supernovae. 
white lead See lead carbonate. 
white light Light that can be resolved into a continuous spectrum of wave- 
lengths (i.e. colours ) in the correct balance; e.g. the light from an incandes- 
cent ‘white-hot’ solid. s 
white spirit A mixture mainlý of alkanes of boiling range 150°—200°C. It is 
used as a solvent and in the paint and varnish industry. 


wide-angle lens A camera lens with a wide angle of view (up to 100°) and a 


short focal length. M 4 
"Wiedemann-Franz law The ratio of the thermal conductivity to the electrical 
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conductivity is the same for all metals at a given temperature. This ratio is 
proportional to the thermodynamic temperature. Most pure metals obey the 
law with reasonable accuracy at ordinary temperatures. 

Wien displacement The product of the thermodynamic temperature and the 
wavelength at which maximum emission occurs from a black body is con- 
stant. A graph of wavelength against temperature has a maximum, which is 
displaced towards shorter wavelengths as the temperature increases. Named 
after Wilhelm Wien (1864—1928). 

Wigner effect The effect produced when the atoms in a crystal are displaced 
as a result of irradiation. If graphite, for example, is bombarded with neu- 
trons, the shape of the crystal lattice is altered and the material suffers a 
change of physical dimensions. See also Wigner energy. Named after 
Eugene Paul Wigner (born 1902). 

Wigner energy Energy stored within a crystalline substance as a result of the 
Wigner effect. In a nuclear reactor in which graphite is used as the modera- 
tor, some of the energy lost by the neutrons is stored in the graphite; this is 
known as the Wigner energy. 

Wigner nuclides Pairs of isobars of odd mass number in which the atomic 
number and neutron number differ by one, e.g. }H and 3He. 

Wilson cloud chamber See cloud chamber. Named after C.T.R. Wilson 
(1869-1961). 

Wimshurst machine A laboratory apparatus for generating static electric 
charge. It consists of two insulating discs to which radial metal strips are 
attached. The discs are rotated in opposite directions. The charge, produced 
by friction, is collected by metal combs. Named after J. Wimshurst 
(1836— 1903). 

wind A large-scale movement of air, generally caused by a convection effect in 
the atmosphere. 

window 1. A wavelength band to which a particular medium is transparent. 
The atmosphere, for example, has a radio window in the range 8mm-20m. 
2. A period during which an event may take place. For example, a space- 
craft may be launched during a launch window to achieve a desired ren- 
dezvous. 

wireless See radio. 

wolfram W. See tungsten. 

wolframite ‘Wolfram’. Natural iron tungstate, FeWO4. BE) 

Wollaston prism A prism for obtaining plane-polarized light (see polarization 
of light ). Constructed of quartz, this prism, like the Rochon prism, may be 
used for ultraviolet radiation. Named after W. H. Wollaston (1766—1828). 

wood naphtha See methanol. t , s 

Wood's metal An alloy of 50% bismuth, 25% lead, 12.5% tin, 12.5% cadmium. 
It has a low mop. of 71°C. 

wood sugar See xylose. o Ss 

woofer A loudspeaker designed to reproduce the lower audio-frequency sounds. 

word The smallest number of bits of information that a particular computer 
can conveniently process as a single unit; usually 12 to 64 bits. 

word Processor A “form of computerized typewriter that consists of a key- 
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board, a microcomputer designed to function as a word processor, a mem- 
ory store, and a VDU. The device normally runs on a word processing 
packaged program. A word processor enables the user to amend and cor- 
rect without retyping, to search for specified items, to store in memory, to 
check spelling, to merge documents, etc. , 

work (phys.) The work done by a force f when it moves its point of applica- 
tion through a distance s is equal to Js cos 0, where 0 is the angle between 
the line of action of the force and the displacement. The derived SJ unit of 
work is the joule; other units include erg, foot-pound, Soot-poundal. 

work function 1. At the absolute zero of temperature, the Sree electrons present 
in a metal are distributed amongst a large number of discrete energy states 
Ej, Ep, etc., up to a state of maximum energy E. At higher temperatures a 
small proportion of the electrons have energies greater than E. The work 
function of a metal is the energy that must be supplied to free electrons 
possessing energy £, to enable them to escape from the metal. It is usually 

. expressed in joules although it is sometimes expressed as a potential differ- 

ence in volts. 2. Helmholtz free energy. 

work hardening See strain hardening. 


` working stress See ultimate stress. 

x wort See brewing. 

k wrought iron The purest commercial form of iron; iron nearly free from car- 
4 bon. It is very tough and fibrous and can be welded. 
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Xanthates Salts or esters of the series of xanthic acids that have the general 
formula ROCSSH. Cellulose xanthate is the important intermediate product 
in the manufacture of viscose. 

xanthene Dibenzo-1,4-pyran. Cs H40.CH; Cc H4. A yellow crystalline heterocy- 
clic compound, m.p. 100.5*C., which forms the basis of the xanthene dyes. 

xanthine 2.6-dioxypurine. C;H4N40,. A yellow soluble heterocyclic com- 
pound, found in urine, blood, and certain animal tissues. 

xanthone C,H4.CO.0.C,Hy. A yellow insoluble crystalline ketone, m.p. 
174*C., that occurs in several natural yellow pigments. 

Xenon Xe. Element. R.am. 131.3. At. No. 54. An inert gas occurring in 
exceedingly minute amounts in the air (about 0.006 parts per million by 
volume); m.p. —111.9*C., b.p. —107.1?C. It is used in filling certain types 
of thermionic valves, fluorescent tubes, and light bulbs. Several compounds, 
eg. XeF5, are known. 

Xerography A method of photographic copying in which an electrostatic 
image is formed on a surface coated with selenium when it is exposed to 
an optical image. A dark powder (consisting of graphite and a thermoplastic 
resin), oppositely charged to the electrostatic image, is dusted on to the 
surface after exposure so that particles adhere to the charged regions; the 
image thus formed is then transferred to a sheet of charged paper and 
fixed by heating. 

X-radiation Electromagnetic radiation consisting of X-rays. 

X-ray crystallography The study of crystalline substances by observation of 
the diffraction patterns that occur when a beam of X-rays is passed through 
a crystal. It is principally as a result of the use of X-ray crystallography 
that the structure of certain proteins (e.g. haemoglobin) and nucleic acids 
has been analysed. 

X-ray diffraction See X-ray crystallography. 

X-rays Róntgen rays. Electromagnetic radiations of the same type as light, but 
of much shorter wavelength, in the range of 5 x 107° metre to 6 x 10-12 
metre approximately. They are produced when a stream of electrons strikes 
à material object. The atoms of all the elements emit a characteristic X-ray 
Spectrum when bombarded by electrons, as a result of the inner orbital 
electrons being displaced by the bombarding electrons. An outer electron 
then falls into the inner shell to replace the displaced electron, losing 
Potential energy AE; the frequency of the emitted X-rays is AE/h, where h 
A s Planck constant, X-rays affect a photographic plate in a way similar 
Sd Pu Hs Absorption of the rays by matter depends upon the density 
dena fe! alive atomic mass of the material. The lower the ram. and 
more Opaque thay transparent is the material to X-rays. Thus, bones are 

-ray Photograph Ga Surrounding flesh; this makes it possible to take an 

Xray sources geen ese 4Ph) of the bones ofa living person. 

mical sources that emit X-rays: they were discovered by 
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X-RAY SPECTRUM 


instruments carried outside the Earth's atmosphere by space probes. Owing 
to the absorption of X-rays by the Earth's atmosphere they cannot be seen 
by land-based telescopes, although some high-energy X-rays can be 
detected by telescopes on balloons in the upper atmosphere. The nature of 
the sources, or their mechanism of X-ray emission, is not known. 

X-ray spectrum Each element, when bombarded by electrons, emits X-rays of 
several characteristic frequencies, depending on the atomic number; a photo- 
graph of the line spectrum corresponding to various elements may thus be 
Obtained from the X-rays emitted. 

X-ray tube An evacuated tube for producing X-rays; it contains an electron 
gun and a heavy metal target forming part of a massive anode. The metal 
emits X-rays when it is bombarded by high-energy electrons. The spectrum 
of the radiation depends on the voltage between the cathode and the anode, 
the temperature of the cathode, and the metal of the target. 

xylan A complex polysaccharide that occurs closely associated with cellulose in 
plants. 

xylene Xylol, dimethylbenzene. C; H4(CH3);. A liquid resembling toluene that 
occurs in coal-tar. It exists in three isomeric forms, a mixture of which boils 
at 137°-140°C. It is used in the manufacture of dyes. 

xylidine Dimethylaniline. (CH3))CsH3NH). An aromatic amine that exists in 
six isomeric forms, of which five are liquids above 20°C.; b.p. in the range 
216^—230*C. It is used in the manufacture of dyes. 

xylol See xylene. 

xylose Wood sugar. C;H, 905. A colourless crystalline pentose, m.p. 144°C., 
found in xylan. 

xylyl The univalent radical CH;CgH4CH2—. 

xylylene The bivalent radical CH; CC; H4CH; -. 


Yagi aerial A directional aerial consisting of one or two dipoles, a parallel 
reflector, and a series of directors in front of the dipole, all so arranged 
that radiation is focused on to the dipole. It is used in television and radio 
astronomy. Named after Hidetsuga Yagi (1886-1976). 

yard British unit of length. The Imperial standard yard used to be defined as 
the distance, at 62°F., between the central traverse lines on two gold plugs 
in a certain bronze bar. The yard was redefined by the 1963 Weights and 
Measures Act as 0.9144 metre. 

year A measure of time, commonly understood to be the time taken by the 
Earth to complete its orbit round the Sun. The civil year has an average 
value of 365.2425 mean solar days; 3 successive years consisting of 365 
days, the fourth or leap year of 366. Century years do not count as leap 
years unless divisible by 400. The tropical, astronomical, or solar year, the 
average interval between two successive returns of the Sun to the first point 
of Aries, is 365.2422 mean solar days; the sidereal year, the interval in 
which the Sun appears to perform a complete revolution with reference to 
the fixed stars, is 365.2564 mean solar days. The anomolistic year, the 
average period of revolution of the Earth round the Sun from perihelion to 
perihelion, is 365.2596 mean solar days. 

yeasts Unicellular microorganisms producing zymase, which converts sugars 
into alcohol and carbon dioxide. It is used in brewing for the production of 
alcohol, and in baking because the carbon dioxide produced causes the 
dough to ‘rise’. 

yield point If a wire or rod of a material, such as steel, is subjected to a 
slowly increasing tension, the elongation produced is at first proportional to 
the tension (Hooke's law). If the tension is increased beyond the elastic 
limit, a point is reached at which a sudden increase in elongation occurs 
with only a small increase in tension; this is the yield point. 

Young’s modulus The elastic modulus applied to a stretched wire or to a rod 
under tension or compression; the ratio of the stress on a cross-section of 
the wire or rod to the longitudinal strain. Named after Thomas Young 
(1773-1829). 

yperite See mustard gas. 

ytterbium Yb. Element. R.a.m. 173.04. At. No. 70. A silvery metal, r.d. 6.97, 
m.p. 819°C., b.p. 1194*C. See lanthanides. 

yttrium Y. Element. R.a.m. 88.905. At. No. 39. A greyish metal, r.d. 4.457, 
m.p. 1523°C., b.p. 3338°C. It is used in some alloys for superconductors and 
in television phosphors. 
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Zeeman effect When a substance that emits a line spectrum is placed in à 
strong magnetic field, the single lines are split up into groups of closely 
spaced lines. This can be explained by classical theory as a result of the 
effect on the velocity of the orbital electrons of the applied field. From the 
separation of the lines in these groups information on atomic structure can 
be deduced. Named after Pieter Zeeman (1865— 1943). 

Zener current The current in a semiconductor, consisting of electrons that have 
escaped from the valence band into the conduction band under the influence 
of a strong electric field. Named after C. M. Zener (b. 1905). 

Zener diode A semiconductor diode consisting of a p-n junction. It is a rectifier 
until the Zener breakdown voltage is reached, when the device becomes 
conducting as a result of the Zener current. They are used in voltage- 
limiting circuits. 

zenith (astr.) The highest point; the point on the celestial sphere directly over- 
head. See Fig. 2 under celestial sphere, which also illustrates the *zenith 
angle’. Compare nadir. 

zeolites A large class of hydrated aluminosilicates, both natural and synthetic, 
used for ion exchange and as adsorbents. The water molecules are held in 
lattice cavities, and can be released by heating. The cavities can then be 
filled by other molecules of the appropriate size. Zeolites are sometimes 
known as molecular sieves. 

zero Nought; the starting-point of any scale of measurement. 

zero point energy The energy possessed by the atoms or molecules of a sub- 
stance at the absolute zero of temperature. 

zeroth law of thermodynamics See thermodynamics, laws of. 

zerovalent Having zero valence. 

ZETA Zero Energy Thermonuclear Apparatus. A torus-shaped apparatus used 
for studying controlled thermonuclear reactions at Harwell. 

zeta-potential See electrokinetic potential. 

Ziegler catalysts Catalysts capable of initiating the polymerization of ethene 
and propene at normal temperatures and pressures, e.g. titanium trichloride 
and aluminium alkyl. Named after Carl Ziegler (1897— 1973). 

zinc Zn. Element. R.a.m. 65.37. At. No. 30. A hard bluish-white metal, r.d. 
7.14, m.p. 419°C. b.p. 907°C. It occurs as calamine, ZnCO3, zincite, ZnO, 
and zinc blende, ZnS. The metal is extracted by roasting the ore to form 
the oxide, which is then reduced with carbon and the resulting zinc dis- 
tilled. It is used in alloys, especially brass, and in galvanized iron. 

zincate A salt containing the ion ZnO3~. 

zinc blende Sphalerite. Natural zinc sulphide, ZnS. An important ore of zinc. 

zine carbonate Calamine. ZnCO3. A white insoluble crystalline substance, used 
in medicine in the treatment of skin diseases. 
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zinc chloride ZnCl,. A white deliquescent soluble substance, m.p. 283°C., used 
as an antiseptic, a wood preservative, and as a flux. 

zinc-copper couple Metallic zinc coated with a thin film of copper by immers- 
ing zinc in copper sulphate solution. It evolves hydrogen with hot water. 

zincite Natural zinc oxide, ZnO. An important ore of zinc. 

zine oxide ZnO. A white amorphous powder, m.p. 1975°C., widely used as a 
Pigment, in glass manufacture, in cosmetics, and in medicine. 

zinc phosphide ZnjP;. A grey insoluble crystalline substance, used as a rat 
poison. 

zine silicate Several silicates of zinc exist. Natural zinc silicate, hemimorphite, 
is 2ZnO.SiO;.H5O (see also calamine ). Zinc metasilicate, ZnSiO3, has m.p. 
1437*C. Zinc orthosilicate, Zn, SiO4, has m.p. 1509*C. 

zinc sulphate White vitriol. ZnSO4.7H,O. A white soluble crystalline powder, 
m.p. 100°C., used as a mordant, in zinc plating, in the manufacture of 
Paper, and in medicine. 

zine sulphide ZnS. A white or yellowish insoluble crystalline substance that 
occurs naturally as zinc blende. It is used as a pigment. 

zircon Zirconium silicate. ZrSiO4. A colourless or yellowish insoluble sub- 
stance, m.p. 2550°C. It is used as a gemstone when transparent and a 

. refractory when coloured. 

zirconia See zirconium dioxide, 

zirconium Zr. Element. R.a.m. 91.22. At. No. 40. A rare greyish metal, r.d. 
6.506, m.p. 1852°C., b.p. 4377°C. It is used in alloys, abrasives, and flame 
proofing compounds. 

zirconium dioxide Zirconium(IV) oxide, zirconia. ZrO. A white crystalline 
insolubl® substance, m.p. 2715°C., used as a pigment and a refractory. The 
hydrated form, ZrO5.xH5O, also known as ‘zirconium hydroxide’ and ‘zir- 
conic acid’, is a white amorphous powder. 

zirconyl The univalent group ZrO—. 

zodiac The zone of the celestial sphere that contains the paths of the Sun, the 
Moon, and the planets. It is bounded by two circles, which are equidistant 
from the ecliptic and about 18°apart. It is divided into the 12 signs of the 
zodiac, which are named after the 12 constellations, 

zodiacal light A faint luminous patch seen in the sky, on the western horizon 
after sunset or on the eastern horizon before sunrise, believed to be due to 
the scattering of sunlight by dust particles revolving round the Sun. 

zone of sphere A portion of the surface of a sphere cut off by two parallel 
planes. Its area is given by 2zrd, where r is the radius of the sphere and d 
the distance between the two planes. 

zone refining A purification method, applied mainly to alloys, metals, and 
Semiconductors, based on the principle that the solubility of an impurity B 
in a main component A in the solid state may differ from the solubility of 
B in A in the liquid state. When a narrow molten zone is made to pass 
(eg. by movement of a heater outside a tube containing a long bir of the 
ee along a bar of impure A, the distribution of B between the solid 

‘quid material alters so that the impurity B tends to segregate towards 


one end € , 3 
zones, fresng we Dar, With pure material at the other end. 
us See half-period zones. 


449 


zones of audibility An intense sound, e.g. due to an explosion, can usually d 

. heard or detected at all points in a large area around the source of s 
sound, and also in distant zones of audibility separated from that area 2 
regions in which the sound cannot be detected. Sound waves can rea 

~ these zones by reflection down from the upper atmosphere. t 

zoology The scientific study of animals. zoom lens A cinematic or MEVS 
camera lens whose focal length can be adjusted continuously to vary the 
magnification without loss of focus. 

zwitterion An ion carrying both a positive and negative electric charge. 

. zygote A fertilized ovum; the product of the union of two gametes. — 
zymase An enzyme present in ‘yeast that acts on sugar with the formation of 
alcohol and carbon dioxide. See fermentation. L 

zymology Enzymology. The study of fermentation and the action of enzymes. 

zymotic Relating to, or caused by, fermentation. 
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allt TABLE 2. FUNDAMENTAL CONSTANTS | | ON * 
wt — 
: ! 1 Constant Symbol Value in SI Units e 
 Cietronic charge e —— 1.602192 x 10-^C Tm 
in————-— ———— NN 
Ciectronic rest mass «^ mg » 9.109.558 x 107 kg x 
electronic radius r, 2.817 77 x 1075 m 
proton rest mass my 1.672 614 x 107” kg 
| Neutron rest mass My, 1.674 92 x 10-*’ kg 
| Planck constant h 6.626 196 x 10-4 J s 
Speed of light c 2.997 925 x 10* m s~’ 
“Vogadro constant L,Nx 6.022 52 x 10?! mol"! 
Sschmidt constant NL 2.687 19 x 10% m^? 
| as constant R 8.314 34 J K-' mol"! 
Boltzmann constant fee R 173801622 X 1022? Kot 
ae NA 


Faraday constant F- . 9.648.670'x 105 C mol E DEDERE 
ERE «0, o Mog vnm — j 


an Boie mani constant c 5.6697 x 10-* W m- K* 


, gravitational constant G 6.664 x 107" N m? kg? 
 8cceleration of free fall g 9.806 65 ms 


Magnetic constant Ho 4" x 10-7 H m7! "n 


electric constant E0 8.854 16 x 10-7"? F m-'! LS 
NM s 
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Element 
Actinium 
Aluminium 
Americium 
Antimony 
Argon 
Arsenic 
Astatine 
Barium 
Berkelium 


Beryllium 


Bismuth 
Boron 
Bromine 
Cadmium 
Caesium 


. Calcium 
Californium 


Carbon 
Cerium 
Chlorine 
Chromium 
Cobalt 
Copper 
Curium 
Dysprosium 
Einsteinium 
Erbium 
Europium 


Fermium 
Fluorine 


Francium 


| Gadolinium 


r 


Gallium 


D TABLE 3. TABLE OF ELEMENTS, SYMBOLS. ATOMIC NUMBERS, 
AND RELATIVE ATOMIC MASSES 


—— [R.a.m. values in brackets denote mass number of the most stable known isotope] 


Ram. 
[227] 
26.9815 
[243] - 
121.75 — 
39.948 
74.9216 
12101 - 
137.34. 
1247] 
9.0122 
208.98. 
10.81 — 
79.904 — 
112.40. 
132.905 
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Elemen 
í nt 


Lanthanum 
awrencium 
Lead 
Lithium 
- Lutetium 
Magnesium 
Manganese 
Mendelevium 
Mereury 
Molybdenum 
todymium 
SERA 
eptunium 
Nickel 


m 
x" 


TABLE 3. 


ABLE OF ELE EN 


Symbol 


H 
In 


1 14.82 
126.9044 - 
192.2. 
55.847 
83.80 
138.91 
1257] 
207.19 
6.939 
174.97 
24.305 
54.938 
[258] 
200.59 
95.94 
144.24 
20.179 
1237] 
58.71 
92.906 
14.0067 
[255] 
190.2 
15.9994 
106.4 
30.9738 - 
195.09 
[244] 
[209] 
39.102. 
140.907 
[145] 
[231] 
[226] 
1222] 
186.20 


102.905 — 


85.47 
101.07 
150.35 
44.956 

78.96 
28086 — 


T0079 
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TABLE 3. Table of elements, etc.—cont. 


Technetium 
Tellurium 

 Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Wolfram (Tungsten) 
Xenon 
Ytterbium 

Yttrium 

ANC 
Zirconium 


TABLE 4, THE SOLAR SYSTEM 


Mean 
Equatorial Distance from Sun Sidereal 
Planet Diameter Mass (millions of period 
j (kilometres) (Earth masses) kilometres) 


Mercury 4840 0.054 57.91 87.969 days 
Venus 12 300 0.8150 108.21 224.701 days 
Earth 12 756 1.000 149.60 365.256 days 
Mars 6790 0.107 227.94 686.980 days 
Jupiter 142700 317.89 778.34 11.86 years 
Saturn 120 800 95.14 1427.01 29.46 years 
Uranus 50 800 14.52 2869.6 84.0 years 
Neptune 48 600 17.46 4496.7 164.8 years 
3500 0.1 (approx.) 5907 248.4 years 


1 392 000 332 958 149.60+ = 
3476 0.0123 0.38444 27.32 


* The Mass of the Earth is 5.976 x 10?* kilogram. 
+ Distance to Earth. 
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TABLE 5. TABLE OF AMINO ACIDS 


e 


Name Formula Molecular 
weight 


Eo RM D 
Glycine | CHXNH3).COOH 75.1 
Alanine CH;CH.(NH;).COOH 89.1 
Phenylalanine CeHsCH;CH.(NH;).COOH 165.2 
Tyrosine C«H4OH.CH;CH.(NH;).COOH 181.2 
Valine (CH3):CH.CH.(NH2).COOH 117.1 
Leucine (CH3):CH.CH2CH.(NH2).COOH 131.2 
Isoleucine (CH3).CH;CH(CH))CH.(NH;).COOH 131.2 
Serine CH;OH.CH.(NH;).COOH 105.1 
Threonine CH;CHOH.CH.(NH2).COOH 119.1 
Cysteine SH.CH2CH.(NH2).COOH 121.1 
Cystine [HOOC.CH(NH;)CH:Sl; 240.3 
Methionine CH3.S.(CH2)2CH.(NH2).COOH 149.2 
Asparagine NH2CO.CH2CH.(NH2).COOH 132.1 
Glutamine NH:;CH(CH3)(CO.NH;).COOH 146.1 
Lysine NHxCH2)4CH.(NH2).COOH 146.2 
Arginine NH;C(NH).NH(CH;5CH.(NH;.COOH 174.2 
Aspartic COOH.CH;CH.(NH;).COOH 133.1 
Glutamic COOH.(CH:2):CH.(NH2).COOH 147.1 
Histidine C3H3N2.CH2CH.(NH2).COOH 155.2 
Tryptophan — CeHi.NH.C:H.CH;CH.(NH;).COOH 204.2 
Proline NH.(CH2);CH.COOH 115.1 
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article Symbol Charge Spin Mass Strange- Lifetime 
(MeV) ness (secs) 


Electron 0.511 Stable 
Neutrino , 4 Stable 
Stable 
Stable 
Muon 4 2.2% 107i 
Tau <1.4x 107" 
Proton My 0 Stable 


Neutron E 0 932 


Xi-particles i -2. 2,9%107!" 
1.710719 
Sigma-particles ^ 8.0x 107" 


6x10-" 


z 
E 
A 


1.5x 107" 


Lambda-particle 0 5 2.6x 107" 
(Charmed) à 2 [oz 
Omega-particle 0.8 x 107" 
eta particle 0.8%10-" — 
Kaons 1.2 x 107* 
0.89x10-'^ 
1.2 x 107* 
266x107. 
0.83x107^ 
0  2.6x10-* 
0 -25x 10-8 
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TABLE 9. DIFFERENTIAL COEFFICIENTS AND INTEGRALS 


dy 
& fy 
[gs mm I zi 

ni 
-l log.x 
E 
aer 1 

a Xd 
m x(log.x-1) 
x 
1 x 
xz loge XJog, = 
-a.sin ax ez 

= sin ax 

a 
a.cos ax 1 

— z -COS ax 

a E 

a.sec? ax 1 

—q log.cos ax 
—cosec?x log,sin x 
tan x.sec x log.(sec x + tan x) 
—cot x.cosec x log.(cosec x—cot x) 

1 in-!* 2_y2)% 
(xs x.sin gta x?) 
zi =1X P ens 
(@x)" X.cOS A (a?—x?) 
a cts 2x1) 

wax x.tan"'T-a log.(a?+x?) 


WAVE LENGTH IN METRES 


TABLE 10. SPECTRUM OF ELECTROMAGNETIC RADIATIONS 


10-8 
10-8 


10-1! 


10-1 


10-* 


E. 10!8 
- Gamma rays 
= 10" 
cg 10!* 
X-rays 10" 
10-9 Ho S E, 
lL 10 
+ Ultraviolet 
radiation = 10" 
Light _ 10! 
EEE | B 
-100 Š 
= 
TI Infrared 101 S 
4 radiation a z 
Ey ae 
C o À— a) 
EHF 108 = 
o 
SHF Radio —10! = 
- frequencies 
UHF — 10° 
VHF — 10* 
HF — 10* 
| ME 103 
ij LF = 10? 
VLF -10 
Aer] 
= 
$2 Wes 
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TABLE 1]. THE GREEK ALPHABET 


Letters Name 


alpha 
beta 
gamma 
delta 
epsilon 
zeta 
eta 
theta 
iota 
kappa 
lambda 
mu 

nu 

xi 
omicron 
pi 

rho 
sigma 
tau 
upsilon 
phi 

chi 

psi 
omega 
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A 
B 
r 
A 
E 
Z 
H 
io) 
1 

K 
A 
M 
N 
[9] 
Ir 
P 
2 
T 
au 
o 
X 
Y 
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This is the sixth, completely new, edition of this 
dictionary. 


New words in solid-state physics, particle physics, 
astronomy and computer technology have been added 
and all existing entries have been revised where 
necessary. All numerical information is given in SI units. 


As a handbook for students and for specialists outside 
their own field, this dictionary remains an indispensable 
aid; for general readers, it provides an up-to-date guide 
to the numerous scientific and technical words which 
have become part of our daily life. 


